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SURFACE WATER SUPPLY OF HUDSON BAY AND |
UPPER MISSISSIPPT RIVER BASINS, 1916.

AUTHORIZATION AND SCOPE OF WORK.

This volume is one of a series of fourteen reports presenting results
of measurements of flow made on streams in the United States during
the year ending September 30, 1916.

The data presented in these reports were collected by the United
States Geological Survey under the following authority contained in
the organic law (20 Stat. L., p. 394):

Provided, That this officer [the Director] shall have the direction of the Geological
Survey and the classification of public lands and examination of the geological struc-
ture, mineral resources, and products of the national domain.

The work was begun in 1888 in connection with special studies
relating to irrigation in the arid West. Since the fiscal year ending
June 30, 1895, successive sundry bills passed by Congress have carried
the following item and appropriations:

For gaging the streams and determining the water supply of the United States, and

for the investigation of underground currents and artesian wells, and for the prepara-
tion of reports upon the best methods of utilizing the water resources.

Annual appropriations for the fiscal years ending June 30, 1895-1916.

5 $12, 500
1896w eeeeenenes B 20, 000
1897 to 1900, inclusive. ... .. ... ... ... ... ...l 50, 000
1901 to 1902, inclusive.. . ... ... ... it 100, 000
1903 to 1906, inclusive. . ... .. ... ..l 200, 000
1907 e 150, 000
1908 to 1910, inclusive............ et eaeeaaaas 100, 000
1911 to 1916, inclusive........ e 150, 000

In the execution of the work many private and State organizations
have cooperated, either by furnishing data or by assisting in collecting
data. Acknowedgments for cooperation of the first kind are made
in connection with the description of each station affected; coopera-
tion of the second kind is acknowledged on pages 13 and 14.

Measurements of stream flow have been made at about 4,100 points
in the United States and also at many points in Alaska and the
Hawaiian Islands. In July, 1916, 1,290 gaging stations were being
maintained by the Survey and the cooperating organizations. Many
miscellaneous discharge measurements are made at other points. In

7



8 SURFACE WATER SUPPLY, 1916, PART V.

connection with this work data were also collected in regard to pre-
cipitation, evaporation, storage reservoirs, river profiles, and water
power in many sections of the country and will be made available in
water-supply papers from time to time. Information in regard to
publications relating to water resources is presented in the appendix
to this report.

DEFINITION OF TERMS.

The volume of water flowing in a stream—the “run-off” or “dis-
charge’’—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those that represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and discharge in second-feet
per square mile, and (2) those that represent the actual quantity
water, as run-off in depth in inches, acre-feet, and millions of cubic
feet. The principal terms used in this series of reports are second-
feet, second-feet per square mile, run-off in inches and acre-feet.
They may be defined as follows:

“Second-feet” is an abbreviation for “cubic feet per second.” A
second-foot is the rate of discharge of water flowing in a channel of
rectangular cross section 1 foot wide and 1 foot deep at an average
velocity of 1 foot per second. It is generally used as a fundamental
unit from which others are computed by the use of the factors given
in the tables of convenient equivalents (p. 9). :

“Second-feet per square mile’” is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed uniformly both as
regards time and area.

“Run-off (depth in inches)” is the depth to which an area would
be covered if all the water flowing from it in a given period were
uniformly distributed on the surface. It is used for comparing run-
off with rainfall, which is usually expressed in depth in inches.

An ‘“‘acre-foot,” equivalent to 43,560 cubic feet, is the quantity
required to cover an acre to the depth of 1 foot. The term is com-
monly used in connection with storage for irrigation.

The following terms not in common use are here defined:

“Stage-discharge relation,” an abbreviation for the term “relation
of gage height to discharge.” :

“Control,” a term used to designate the section or sections of the
stream below the gage which determines the stage-discharge relation
at the gage. It should be noted that the control may not be the
same section or sections at all stages.

The “point of zero flow” for a gaging station is that point on the
gage—the gage height—to which the surface of the river would fall
if there were no flow.
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CONVENIENT EQUIVALENTS.

The following is a list of convenient equivalents for use in hydraulic
computations:

Table for converting discharge in second-feet per square mile into run-off in depth in inches
over the area.

Discharge Run-off (depth in inches).

(second-

feet per

square mile). 1 day. 28 days. 29 days. 30 days. 31 days.

| SO 0.03719 1.041 1.079 1.116 1.153
b, .07438 2.083 2.157 2.231 2.306
E S .11157 3.124 3.236 3.347 3.459
L . 14876 4.165 4.314 4. 463 4.612
[ P . 18595 5.207 5.393 5.578 5.764
6.l . 22314 6. 248 6.471 6. 694 6.917
Feeiaaanns .26033 7.289 7.550 7.810 8.070 .
L F . 29752 8.331 8.628 8.926 9.223
L D . 33471 9.372 9.707 10.041 10.376

Nore.—For part of a month multiply the run-off for one day by the number of days.

Table for converting discharge in second-feet into run-off in acre-feet.

ff in acre-feet.
Discharge Run-o ect,
(second-
feet.) lday. | 28days. | 29days. | 30days. | 31days.
| PO 1.983 55.54 57.52 59. 50 61.49
2. . . 967 1111 115.0 119.0 123.0
O 5.950 166.6 172.6 178.5 184.5
4.l 7.934 222.1 230.1 238.0 246.0
5eeanens 9.917 277.7 287.6 297.5 307. 4
6aannns 11.90 333.2 345.1 357.0 368.9
Taeeeiannnns 13.88 388.8 402.6 416.5 430.4
- DR 15.87 444.3 460.2 476.0 491.9
9. ... 17.85 499.8 517.7 535.5 553. 4
|

NortE.—For part of a month multiply the run-off for one day by the number of days.

Table for converting discharge in second-feet into run-off in millions bf cubic feet.

. Run-off in millions of cubic feet.
Discharge
(second-
feet.) 1 day. 28 days. 29days. | 30days. | 3ldays.
) 0. 0864 2.419 2. 506 2.592 2.678
2 1728 4.838 5.012 5.184 5.356
: S 2592 7.257 1.518 7.776 8.034
4ol . 3456 9.676 10. 02 10.37 10. 71
[ . .4320 12.10 12.53 12.96 13.39
6. 5184 14.51 15.04 15.55 16.07
Teevmaannns -6048 16.93 17.54 18.14 18.75
| .6912 19. 35 . 05 20.74 21. 42 -
L L7776 21.77 22.55 23.33 24.10

NoTe.—~For part of a month multiply the run-off for one day by the number of days.
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Table for converting discharge in second-feet into run-off in millions of gallons.

Discharge Run-off in millions of gallons.
(second-
feet). 1day. 28 days. 29 days. 30 days. 31 days.

0. 6463 18.10 18.74 19.39 20.04
1.293 36.20 37.48 38.78 40,08
1.939 54.30 56.22 58.17 60. 12
2. 585 72.40 74.96 77.56 80. 16
3.232 90. 50 93.70 96. 95 100. 2
3.878 108. 6 112.4 116.3 120.2
4.524 126.7 131.2 135.7 140.3
5.171 144.8 149.9 155.1 160.3
5.817 162.9 168.7 174.5 180.4

NotE.—For part of a month mulitiply the run-off for one day by the number of days.

Table for converting velocity in feet per second into velocity in miles per hour.

i1 foot per second=0.681818 mile per hour, or two-thirds mile per hour, very nearly; 1 mile per hour=1.4666
feet per second. In computing the table the figures 0.68182 and 1.4667 were used.)

Miles per hour for tenths of foot per second.
Feet per .
second
(units). 0 1 2 3 4 5 6 7 8 9
0 0.000 | 0.068 |0.136 | 0.205 | 0.273 | 0.341 | 0.409 | 0.477 | 0.545 | 0.614
1.. .| .682 . 750 .818 . 886 .995 | 1.02 1.09 1.16 12 1.30
2.. .. 136 1.43 1,50 1.57 1.64 1.70 | L.77 1.84 1.91 1.98
3.. .| 2.05 2.11 2.18 2.25 2.32 2.39 2.45 2.52 2.59 2.66
4.. 1273 2.80 2.86 2.93 3.00 |3.07 3.14 |[3.20 |[3.27 3.34
5 3.41 3.48 3.55 3.61 3.68 3.75 3.82 3.8 3.95 4.02
6 4.09 4.16 4.23 4.30 4.36 4.43 4.50 | 4.57 4.64 |4.70
7 4.77 4.84 4.91 4.98 5.05 5.11 5.18 5.25 5.32 5.39
8.. .| 5.45 5.52 5.59 5. 66 5.73 5.8 | 5.8 5.93 6.00 6.07
9 6.14 6.20 6.27 6.34 |6.41 6.48 6.55 6.61 6.68 6.75

1 second-foot equals 40 California miner’s inches (law of Mar. 23, 1901).

1 second-foot equals 38.4 Colorado miner’s inches.

1 second-foot equals 40 Arizona miner’s inches.

1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons per
minute; equals 646,317 gallons for one day.

1 second-foot for one year (365 days)covers 1 square mile 1.1312 feet of 13.5744
inches deep. ’

1 second-foot for one year (365 days) equals 31,536,000 cubic feet.

1 second-foot equals about 1 acre-inch per hour.

1 second-foot for one year (365 days) equals 724 acre-feet.

1 second-foot for one day covers 1 square mile 0.03719 inch deep.

1 second-foot for one day equals 86,400 cubic feet.

1,000,000,000 (1 United States billion) cubic feet equals 11,570 second-feet for one
day.

1,000,000,000 cubic feet equals 414 second-feet for one 28-day month.

1,000,000,000 cubic feet equals 399 second-feet for one 29-day month.

1,000,000,000 cubic feet equals 386 second-feet for one 30-day month.

1,000,000,000 cubic feet equals 373 second-feet for one 31-day month.

100 California miner’s inches equals 18.7 United States gallons per second.

100 California miner’s inches for one day equals 4.96 acre-feet.

100 Colorado miner’s inches equals 2.60 second-feet.

100 Colorado miner’s inches equals 19.5 United States gallons per second.

100 Colorado miner’s inches for one day equals 5.17 acre-feet.

100 United States gallons per minute equals 0.223 second-foot.
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100 United States gallons per minute for one day equals 0.442 acre-foot.
1,000,000 United States gallons per day equals 1.55 second-feet.
1,000,000 United States gallons equals 3.07 acre-feet.

1,000,000 cubic feet equals 22.95 acre-feet.

1 acre-foot equals 325,850 gallons.

1inch deep on 1 square mile equals 2,323,200 cubic feet.

1 inch deep on 1 square mile equals 0.0737 second-foot per year.
1 foot equals 0.3048 meter.

1 mile equals 1.60935 kilometers.

1 mile equals 5,280 feet.

1 acre equals 0.4047 hectare.

1 acre equals 43,560 square feet.

1 acre equals 209 feet square, nearly.

1 square mile equals 2.59 square kilometers.

1 cubic foot equals 0.0283 cubic meter.

1 cubic foot of water weighs 62.5 pounds,

1 cubic meter per minute equals 0.5886 second-foot.

1 horsepower equals 550 foot-pounds per second.

1 horsepower equals 76.0 kilogram-meters per second.

1 horsepower equals 746 watts.

1 horsepower equals 1 second-foot falling 8.80 feet.

1} horsepower equals about 1 kilowatt.

To calculate water power quickly: Second-feell;ida,ll in feet net horsepower on

-

water wheel realizing 80 per cent of theoretical power.
EXPLANATION OF DATA.

The data presented in this report cover the year beginning October
1, 1915, and ending September 30, 1916. At the first of January
in most parts of the United States much of the precipitation in the
preceding three months is stored as ground water, in the form of
snow, or in ponds, lakes, and swamps, and this stored water passes
off in the streams during the spring break-up; at the end of Septem-
ber, on the other hand, the only stored water available for run-off is
possibly a small quantity in the ground; therefore the run-off for a
year beginning October 1 is practically all derived from precipitation
in that year.

*The base data collected at gaging stations (Pl. I, B) consist of rec-
ords of stage, measurements of discharge, and general information
used to supplement the gage heights and discharge measurements in
determining the daily flow. The records of stage are obtained either
from direct readings on a staff gage or from a water-stage recorder
(PL II) that gives a continuous record of the fluctuations. Measure-
ments of discharge are made with a current meter by the general
methods outlined in standard textbooks on the nreasurement of river
discharge.

From the discharge measurements rating tables are prepared that
give the discharge for any stage, and these rating tables, when applied
to the gage heights, give the daily discharge from which the monthly
and yearly mean discharge is determined.
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The data presented for each gaging station in the area covered by
this report comprise a description of the station, a table giving results
of discharge measurements, a table showing the daily discharge of
the stream, and a table of monthly and yearly discharge and run-off.

If the base data are insufficient to determine the daily discharge,
tables giving daily gage heights and results of discharge measurements
are published.

The description of the station gives, in addition to statements
regarding location and equipment, information in regard to any con-
ditions that may affect the constancy of the stage-discharge relation,
covering such subjects as the occurrence of ice, the use of the stream
for log driving, shifting of channel, and the cause and effect of back-
water; it gives also information as to diversions that decrease the
flow at the gage, artificial regulation, maximuym and minimum re-
corded stages, and the accuracy of the records.

The table of daily discharge gives the discharge in second-feet
corresponding to the mean of the gage heights read each day. At
stations on streams subject to sudden or rapid diurnal fluctuation
the discharge obtained from the rating table and the mean daily gage
height may not be the true mean discharge for the day. If such
stations are equipped with water-stage recorders the mean daily dis-
charge may be obtained by averaging the discharge at regular inter-
vals during the day or by use of the discharge integrator, an instru-
ment operating on the principle of the planimeter and containing as
an essential element the rating curve of the station.

In the table of monthly discharge the column headed “Maximum?”
gives the mean flow for the day when the mean gage height was
highest. As the gage height is the mean for the day, it does not
indicate correctly the stage when the water surface was at crest
height and the corresponding discharge was consequently larger than
given in the maximum column. Likewise, in the column headed
“Minimum” the quantity given is the mean flow for the day when
the mean gage height was lowest. The column headed ‘Mean’’ is the
average flow in cubic feet for each second during the month. On
this average flow computations recorded in the remaining columns,
which are defined on page 9, are based. -

ACCURACY OF FIELD DATA AND COMPUTED RESULTS.

The accuracy of stream-flow data depends primarily (1) on the
permanency of the stage-discharge relation and (2) on the acouracy
of observation of stage, measurements of flow, and interpretation
of records.

A paragraph in the description of the station or footnotes added
to the tables gives information regarding the (1) permanence of the
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stage-discharge relation, (2) precision with which the discharge rating
curve is defined, (3) refinement of gage readings, (4) frequency of
gage readings, and (5) methods of applying daily gage heights to the
ratingetable to obtain the daily discharge.!

For the rating tables ““well defined ” indicates, in general, that
the rating is probably accurate within 5 per cent; “fairly well defined,”
within 10 per cent; “ poorly defined,” within 15 to 25 per cent. These
notes are very general and are based on the plotting of the individual
measurements with reference to the mean rating curve.

The monthly means for any station may represent with high
accuracy the quantity of water flowing past the gage, but the figures
showing discharge per square mile and depth of run-off in inches
may be subject to gross errors caused by the inclusion of large non-
contributing districts in the measured drainage area, by lack of
information concerning water diverted for irrigation or other use,
or by inability to interpret the effect of artificial regulation of the
flow of the river above the station. ‘‘Second-feet per square mile”
and “run-off (depth in inches)’’ are therefore not computed if such
errors appear probable. The computations are also omitted for
stations on streams draining areas in which the annual rainfall is
less than 20 inches. All figures representing ‘‘second-feet per square
mile” and “run-off (depth in inches)” previously published by the
Survey should be used with caution because of possible inherent
sources of error not known to the Survey.

The table of monthly discharge gives only a general idea of the
flow at the station and should not be used for other than prelimi-
nary estimates; the tables of daily discharge allow more detailed
studies of the variation in flow. It should be borne in mind, how-
ever, that the observations in each succeeding year may be expected
~ to throw new light on data previously published.

COOPERATION.

In Montana the work was done in cooperation with the United
States Reclamation Service and Glacier National Park. The station
on St. Mary River at Kimball, Alberta, was maintained in cooperation
with the Canadian Department of Interior.

In Minnesota the work was carried on in cooperation with the
State Drainage Commission, E. V. Willard, acting State drainage
engineer, under terms of an act of the legislature of 1909 as embodied
in joint resolution 19, which reads as follows:

Whereas the water supplies, water powers, navigation of our rivers, drainage of

our lands, and the sanitary condition of our streams and their watersheds generally
form one great asset and present one great problem, therefore:

1 For a more detailed discussion of the accuracy of 3tream-flow data see Grover, N. C., and Hoyt,
J. C., Accuracy of stream-flow data: U. 8. Geol. Survey Water-Supply Paper 400, pp. 53-59, 1916.
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Be it resolved by the house of representatives, the senate concurring, That the
State Drainage Commission be, and is hereby, directed to investigate progréss in other
States toward the solution of said problem in such States, to investigate and determine
the nature of said problems in this State.

The International Joint Commission installed the water-sfage re-
corder and paid the salary of the observer at the station on Kawishiwi
River near Winton and the United States Engineer Corps paid the
salaries of the observers at the stations on Minnesota River near
Montevideo and Chippewa River near Watson.

In Wisconsin the work was carried on in cooperation with the
Railroad Commission of Wisconsin, C. M. Larson, chief engineer, and
at certain stations with the following organization: Wisconsin-Minne-
sota Light & Power Co. (Chippewa River at Chippewa Falls, Red
Cedar River near Colfax, Red Cedar River at Cedar Falls, Red Cedar
River at Menomonie), Chippewa -& Flambeau Improvement Co.
(Chippewa River at Bishop’s Bridge near Winter and West Fork
of Chippewa River at Lessard’s near Winter).

In Towa the work was carried on in cooperation with the Towa
Geological Survey, George F. Kay, director, and the Mississippi
River Power Co. of Keokuk, Iowa.

In Illinois the work was done in cooperation with the Illinois
State Rivers and Lakes Commission.

DIVISION OF WORK.

The data for stations in the Hudson Bay basin, except in Minne-
sota, were collected and prepared for publication under the direction
of W. A. Lamb, district engineer, Helena, Mont., assisted by E. F.
Chandler, H. V. Sprague, and D. C. McKay.

The data for stations in the Hudson Bay and Mississippi River
basins in Minnesota were collected and prepared for publication
under the general direction of W. G. Hoyt, district engineer, Madison,
Wis., under the immediate direction of S. B. Soulé, assisted by
E. L. Williams, R. B. Kilgore, and Ole Christianson; and by E. F.
Chandler, assisted by W. B. Stevens, H. V. Sprague, and D. C. McKay.

For stations in the Mississippi River basin in Wisconsin the data
were collected and prepared for publication under the direction of
W. G. Hoyt, assisted by E. L. Williams, R. B. Kilgore, H. C. Beck-
man, and J. O. Entringer.

For stations in the Mississippi River basin in Iowa the data were
collected under the general direction of W. G. Hoyt, under the
immediate direction of R. H. Bolster, assisted by C. Herlofson and
A. Davis.

The data in Mississippi River basin in Illinois were collected under
the general direction of W. G. Hoyt, under the immediate direction
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of H. C. Beckman, assisted by G. J. Trinkaus, Rector Egeland, and
J. B. Fountain.
The report was assembled by B. J. Peterson.

GAGING-STATION RECORDS.
HUDSON BAY DRAINAGE BASIN.

ST. MARY RIVER NEAR BABB, MONT.
[Including diversion from Swiftcurrent Creek.]

LocarioNn.—One-fourth mile below outlet of lower St. Mary Lake, 1,000 feet above
the diversion dam for the St. Mary canal and 2 miles south of Babb, on Blackfeet
Reservation, in Teton County.

DRAINAGE AREA.—278 square miles (includes area of Swiftcurrent Creek above point

" of diversion into St. Mary Lake).

RECORDS AvAILABLE.—April 9,1902, to September 30, 1916. Records April 9, 1902,
to September 30, 1915, do not include the flow of Swiftcurrent Creek.

Gaee.—Chain gage on right bank. During the winter a temporary low-water gage
opposite the chain gage is used. Gages read by employees of the United States
Reclamation Service.

DiSCHARGE MEASUREMENTS.—Made from cable 560 feet below gage, or by wading.

CHANNEL AND coNTROL.—Control practically permanent; bed of stream composed
of firm gravel and cobblestones.

ExTrEMES oF DIsCHARGE.—Maximum stage recorded during year, 8.25 feet at 5 p. m.
June 21 (discharge 5,610 second-feet); minimum stage probably occurred during
the period January 1-18, when the flow was less than 90 second-feet.

1902-1916: Maximum stage estimated at 9.4 feet June 5, 1908 (discharge 7,980
second-feet); minimum stage recorded 1.0 foot April 3-7, 1904 (discharge 20
second-feet).

Ioe.—Stage-discharge relation affected by ice for short periods.

Diversions.—None.

ReeuLaTiON.—Natural storage in St. Mary Lakes. The flow of Swiftcurrent Creek
was diverted into St. Mary Lake on October 1, 1915. The flow of this stream is
sglightly regulated by Sherburne Lake reservoir.

Acguracy.—Stage-discharge relation changed during 1916 owing to construction
work in the channel and changes at the diversion dam; affected by ice from
December 20 to January 18. Rating curves used as follows: October 1 to January
18, well defined above 430 second-feet and fairly well defined below; January
19 to June 23, well defined between 100 and 3,000 second-feet; June 24 to Sep-
tember 30, well defined between 200 and 5,000 second-feet. Gage read to half-
tenths once daily. Daily discharge ascertained by applying gage heights to
rating tables except for periods during which stage-discharge relation was affected
by ice. Records good.

The diversion dam below the gaging station was constructed by the United States
Reclamation Service for the purpose of diverting water from St. Mary River into
the St. Mary canal, which carries the water across the divide into the North Fork of
Milk River. The water then flows in the natural channel of Milk River through
Canada and is finally used for irrigation in the Milk River Valley in Montana. The
present capacity of the diversion canal is about 425 second-feet. A storage reservoir
was provided on Swiftcurrent Creek by constructing a dam at the outlet of Sherburne
Lake. By means of a diversion channel connecting Swiftcurrent Creek and Lower
St. Mary Lake, the run-off from Swiftcurrent Creek is made available for diversion
through St. Mary canal. The storage capacity of Sherburne reservoir is about 66 000
acre-feet.
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Discharge measurements of St. Mary River mear Babb, Moni., during the year ending
Sept. 30, 1916.

Gage Dis- y Gage Dis-
Date. Made by— heig%t_ charge. Date. Made by— vl .

. June 25
.18 472 || July 17
55 1,340 || Aug. 16
.92 2,410 || Sept. 16
05 4,660 || Nov. 23

Daily discharge, in second-feet, of St. Mary River near Babb, Mont., for the year ending
’ Sept. 80, 1916. :

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
490 304 [....... 135 168 47 640 | 1,270 | 4,540 | 1,230 877
450 266 |....... 135 168 424 923 | 1,270 | 4,210 | 1,230 877
440 [ 266 |-01000 135| 168| 400| 802 |1,270 (4,320 1,160} 1,
430 266 [....... 135 168 400 923 | 1,270 | 4,540 | 1,160 | 1,310
430 248|111 135 | 18] 400| 981, 4,320 | 1,080 | 1480
420] 931)....... 135 168 376]1,060 1,800 | 4,100 | 1,080 | 1,570
40| 231|000 135 168] 3761490 | 1,880 | 3,770 | 1,080 | 1570
420 931 |11l 135| 250| 376 1,800 | 2,040 | 3,660 | 1,160 | 1570
460 | 248 | 11001 135| 331| 4471213002310 (3,660 | 1,160 | 1,570
530 | 266 |....... 135 | 342 447 | 1,860 | 2,480 [ 3,550 | 1,160 | 1,
476 | 266 |.......| 152| 353 447 1,800 2,650 |3,550 | 1,230 | 1,160
453 248 | ... 168 364 470 11,720 { 2,740 | 3,660 | 1,230 | 1,010
4301 231|010 168 | 376 | 470 | 1,720 | 2,650 | 3,660 | 1,160 877
408 | 215(...o.. 168 | 376| 470|1,490 (2,740 (3,230 1,160 818
408 | 109 |..oio.. 68| 376| 470 1,270] 2,830 | 2,810 | 1,160 763
430 199 |...... S 168 376 404 11,130 | 3,290 | 2,600 | 1,080 763
430 | 184|000l 168 | 376 | 494 | 1,060 | 3,760 | 2,600 | 1,010 763
430 184 |....... 168 376 518 | 1,060 | 4,760 | 2,500 | 1,010 663
430 | 184 51 168| 376| 5421,060 5160 | 2,500 | 1,010 | 663
386 |.......| 135| 168| 400| 566| 988 5,360 |2,220 [ 1,010| 618
408 135 168 | 424 988 | 5,560 | 2,020 | 1,010 618
344 135! 168 | 424| 615|1,06015,260]|1,920| ‘940| 618
365 1. 135 168 424 566 1 1,200 | 4,760 | 1,920 877 618
344 35| 168| 447 | 590 | 1,060 | 4,760 [ 1,740 | 877 536
344 |. 135 168| 454| 5181|1130 | 4,210 | 1,740 | 87| 536
344 462 542 | 1,340 | 4,100 | 1,570 877 536
344 470, 542 | 1,340 | 3,990 | 1,570 877 498
344 470 | 542 {1,340 | 4,100 | 1,480 | 877 | 498
324 470 494 | 1,340 | 4,320 | 1,480 877 498
304 470 542 | 1,270 | 4,650 | 1,400 8771 - 498

....... ] 4ol jn2mof. i 0| sr7l.......

Nor1e.—Discharge Nov. 1-10 estimated at 70 per cent of flow at Kimball, Dec. 20-30, estimated at 145
second-feet, or approximately 90 per cent of flow at Kimball for same period; Jan. 1-18, estimated from flow
at Kimball, at 90 second-feet. Discharge interpolated for days on which gage was not read, as follows:
1046%611 Ja;ls._ g%—i!zlé 2§6 23—27 , %0,4 31; Feb. 24, 6-7, 9, 11, 13-15, 17-18, 20, 22-24, 26-27; Mar. 2-3, 5—6, 8, 10, 11,
nnk‘(i)giérelé in {?é above table inclide the flow of Swifteurrent Creek which was diverted into St. Mary Lake

ct. 1, .
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Monithly discharge of St. Mary River near Babb, Mont., for the year ending Sept. 30, 1916.

[Drainage area, 278 & square miles.]

Discharge in second-feet. Run-off.
Month. Per Depth in .
Maximum. | Minimum.| Mean. srqnlﬁaére dl‘fai‘:;gg aT,cgg?ile:a?._
- area.

October.... 653 386 498 .79 2.06 30, 600
November. 530 304 409 147 1.64 24,300
December.. 304 |............ 200 719 .83 12,300
FLE:" ¢ LD T:Y o A 109 .392 45 6, 700
February....... 168 135 156 . 561 .60 8,970
March.... 470 168 349 1.26 1.45 21, 500
April 615 376 485 1.74 1.94 28,900
y. 2,130 1,270 4.57 5.27 78,100
June , 560 1,270 3,290 11.8 13.17 196, 000
July. 4,540 1,310 2,840 10.2 11.76 175,000
August.. 1,230 877 1,050 3.78 4.36 64, 600
September ........................ 1,570 498 900 3.24 3.62 53, 600
The year..........ccoo...... 5,560 f..ununnnnnnn 963 3.46 47.15 701, 000

a Includes drainage area of Swiftcurrent Creek above point of diversion into St. Mary Lake.

Note.—Figures in the above table include the flow of Swiftcurrent Creek which was diverted into 8t.
Mary Lake on Oct. 1, 1915.

ST. MARY RIVER NEAR KIMBALL, ALBERTA.

LocatioNn.—In the SW. 1 sec. 25, T. 1 N., R. 256 W. fourth meridian, about 1 mile
south of Kimball, Alberta, and about 5 miles north of the international boundary.

DRAINAGE AREA.—472 square miles (measured from topographic maps).

Recorps AVAILABLE. —January 1, 1913, to September 30, 1916. From September 4,
1902, to December 31, 1912, records were obtained at a point one-fourth of a mile
below the boundary line. Records were also obtained by the Irrigation Branch,
Department of the Interior, Canada, at a point about three-fourths of a mile below
the present station, from 1905 to1912. The discharge at the three points is prac-
tically the same.

Gace.—A Stevens water-stage recorder with a concrete well and shelter on the right
bank used during the open-water season. A Friez recorder was used prior to
April 10, 1916. During the winter months a chain gage, located on the highway
bridge 2 miles below the station, is used.

DiscHARGE MEASUREMENTS.—Made from a cable three-fourths of a mile below the
gage; low-water measurements made by wading near the cable section.

CHANNEL AND coNTROL.—The bed of the stream at the gage and at the control below
is composed of boulders and sandstone ledges. The control is formed by an
outcropping ledge of sandstone. Stage-discharge relation is affected by a large
gravel bar which has formed on the right bank at the control.

EXTREMES OF DISCHARGE.—Maximum stage during year, from water stage recorder,
8.08 feet at 10.30 a. m. June 22 (discharge, 8,930 second-feet); minimum stage,
2.85 feet December 25 (discharge, 140 second-feet).

1902-1916: Maximum stage recorded, 12.75 feet June 5, 1908 (discharge, esti-
mated by comparison with record for station near Babb, 18,000 second-feet);
minimum stage recorded, 70 second-feet ! February 5, 1914.

Ice.—Stage-discharge relation seriously affected by ice. Daily discharge computed
from discharge measurements and records of temperature.

1 Only estimates of mean monthly flow are available for the winter periods from 1902 to 1912, inclusive,
and a lower minimum discharge may have occurred during that time.

6342°—18—wsp 435——2
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Diversions.—The St. Mary canal, constructed by the United States Reclamation
Service, will divert water from St. Mary River near Babb, Mont., to the North
Fork of Milk River. During June, 1916, water was turned into the canal for
priming and puddling. The Alberta Railway & Irrigation Co. canal diverts
from St. Mary River about 1 mile below the station.

RecurarioNn.—The flow of Swiftcurrent Creek will be regulated by the Sherburne
Lake reservoir, under construction by the United States Reclamation Service.

Accuracy.—Stage-discharge relation not permanent; affected by shifting control and
ice. Rating curvesused asfollows: October1to November 13, fairly well defined;
June 23 to September 30, well defined between 265 and 7,840 second-feet. Stage-
discharge relation affected by ice November 14 to March 23. Mean daily gage

“heights October 1 to November 14 and April 10 to September 30 obtained from
recorder: graphs by averaging the heights for hourly intervals. Chain gage at
highway bridge used November 15 to March 23; staff gage at cable used March 24
to April 8, Daily discharge ascertained by applymg mean daily gage heights to
rating tables, except for penods during which stage—dlscharge relation was af-
fected by shifting control or ice. Records good.

CooperAaTION.—Station maintained jointly with and computations made by the Irri-
gation Branch, Department of the Interior of Canada.

Discharge measurements of St. Mary River near Kimball, Alberta, during the year ending
Sept. 30, 1916.

Gage Dis- . Gage | Dis-

Date. Made by— height. | charge. || Date- Made by height. | charge.
Feet. | Sec.ft. Feet. | Sec.-ft.
Oct. 7| V.A,Newhalla, . 2.85 909 || Apr. 25 | W. A. Lamb 2.61 696
Nov, 10 | W. H., 3.51 576 || May 23 | Lamb and Tuttle . 3.61 1,710
12 df 3.24 530 301 S. H. F . . 3.95 2,

Dec. 5 3.37 336 |{ June 3 |..... 3.75 1,770
8 3.32 317 10} A H, Tuttle . 5.00 3,060
22 2.93 185 20 | S. H. Frame. .. .. 7.07 7,820
24 2.84 141 23 |..... d - 7.60 7, 840
) 27 2.85 147 26 |..... do. 6.20 4,900
Jan, 10 4.55 149 26 | A. H. 6.25 4,960
12 4,53 149 || July 5| S.H. 6.40 5,3%
Feb. 10 5.07 230 11 ..... d 5.80 4,130
12 4.97 226 18| W. A, 5.10 | &3,080
Mar. 15 5.17 509 26 | S. H. 4.16 1,820
23 3.40 589 |} Aug. 16 |..... d 3.42 1,170

24 3.27 621 || Sept. 4 |.....do... 3.67 1,3
24 3.27 £42 8 [.enen d 4.01 1,710
Apr. 5 3.26 543 26 |.ceen (s [« IO, 2.65 578
24 2.66 672 29 |.....do. 2. 56 511

a Engineer, Irrigation Branch, Department of the Interior, Canada.
b Measured from bridge below head of Alberta Railway & Trrigation Co. canal and flow of canal added.

NoTE.—Measurements Nov. 10 and 12, Mar. 23 to Apr. 5, are referred tostaff gage at cable. Measure-
ments Dec. 5 to Mar. 15 are referred to chain gage at budge
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Daily discharge, in second-feet, of St. Mary River near Kimball, Alberta, for the year
ending Sepl. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
635 630 347! 150| 232| 185( 658 [1,080(1,9% 6,040 1,480 | 964

668 615| 341| 150| 221| 190| 658)1,160 1,960 | 5,850 | 1,430
755 | 615 | 339| 152 218| 205| 630 1,150 | 1,800 | 5,800 | 1,430 | 1,050
815| 615) 38| 153| 217| 240| 580 |1,180 | 1,770 | 5,760 | 1,370 | 1,280
894 | 630 336| 154| 2181 300| 532) 1,240 2,050 | 5,430 | 1,320 | 1,490
050 | 605 332| 154 =219| 340| 530 1,450 | 2,320 4,520 | 1,200 | 1,720
o22| 500 327| 153| 222| 390 543|1,860] 2,340 | 3,980 | 1,280 | 1,780
o15| 58| 316| 151| 2| 450| 1560|2170 2,340 | 3,980 [ 1,260 | 1,700
s7| 568\ Slo| 149\ 230 | 60| 575 2,260 | 2,500 | 3,990 | 1,410 | 1,430
4| 563| 3021 m9| 20| 700( 590 | 2,260 | 2,930 | 4,060 | 1,560 | 1,280
AR A P

22 00 0 0

761 | 536( 278| 149| 240| 650| 680 [ 1,800 3,560 | 4,080 | 1,400 | 996
743 | 526 | 269| 150| 300| 550| 700 | 1,680 3,640 | 3.760 1 1,280 | 949

755 | 515 | 259| 154 700 510| 680 1,600 | 4,120 | 3,580 { 1,200
755 | 504 | 250 157(1,200| s12| 740 | 1,530 | 5,240 | 3,520 [ 1,150 | 880
Mmoo v s sa b o
07| 471 18| 171) 50| 520! 650 | 1,300 7,660 | 3,100 | 1,170 | 724
6 460 | 205| 178| 600| 524 | 672 1400| 7,820 | 2)860 | 1,150 | 675
P DU 668 | 449| 194| 101| 50| 28| 690 1,500 | 8,520 | 2,660 1,130 654
2. Ll 662 | 438| 185| 203| 520 532| 725|1,600 (8,620 | 20450 | 1,100 | 619
230000000 656 | 427 | 151| 225| 480 | 538| 672 1,690 | 7,840 | 2.330 { 1,050 612
2.0 646 | 416 | 142 | 241| 360 541 | 672] 1,80 5850|2160 1020| 612
25 LU 610| 405| 10| 255| 200| 615| 696 1,990 | 4,070 | 2j020| ‘983 | 592
DBneeeaennnnns 610 304| 42| 260| 240| 618| 660]2,100| 4,990 | 1,870 | 1,080 | 578
T SN G| 3| 13| 0| 1% 0| 740|200| 540 | Lo | Lot | o
20,0000 ees| 32| 155] 256| 180 615| 810 | 1,960 | 6,520 [ 1,710 | 1020 | 519
30,0 Ll 673 | 354 154| 250 |....... 615 | 945 | 2,000 | 6,730 | 1,640 | 1, 490
31,01l 668 |...... 133 | 22 |11l 620 |....... 2,000 |.nn.... 1540 | ‘988 |.......

Note.—Discharge Apr. 10 to June 22 computed by indirect method for shifting control. Discharge
Mar. 24 to Apr. 9 taken directly from rating curve applicable to readings on staff gage at cable. Discharge
estimated, because of ice, Nov. 15 to Mar. 23 from study of discharge measurements, gage heights, winter
hydrographs, and weather records. Discharge Oct. 3, 10, 28, Nov. 25, 28, Dec. 19, 25, and 28 based on inter-
polated gage heights. See “ Accuracy” in description of station.

Monthly discharge of St. Mary River near Kimball, Alberta, for the year ending Sept. 30,
19

[Drainage area, 472 square miles.}

Discharge in second-feet. Run-off.
Month. per | Depthin X
Maximum.| Minimum.| Mean. | square l:ilrca.i;sagg a%r)g{legz
mile.
area.

October.. .. . ... oiiiiaia. 950 610 739 1.57 1.81 45,400
November.......ocoeevivmnanna.. 630 354 504 1.07 1.19 30,000
December.......oooeeeioneniannn. 347 140 243 .515 59 14,900
JAUDALY e e emeaeammneeenanes 261 149 185 .392 .45 11,400

February. 1,100 180 377 . 799 .86 21,
March... 850 185 516 1.09 1.26 31,700

April.s 945 530 664 1.4 1.57 39,
ay.. 2,260 1,080 1,710 3.62 417 105, 000
June.... 8,620 1,770 4,630 9.81 10.94 276,000
July.... 6,040 1,540 3,460 7.33 8.45 213,000

August 1,570 988 1,230 2.61 3.01 75,
September....cocveemeiaeeacannnn. 1,780 490 947 2,01 2.24 56,400
The year- - .......cceeeeennas 8,620 140 1,270 2.69 36. 54 921,000
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SWIFTCURRENT CREEK AT MANY GLACIER, MONT,

Location.—In sec. 12, T. 35 N., R. 16 W., at outlet of McDermott Lake, at Many
Glacier, in Glacier National Park, about 14 miles southwest of Babb, in Teton
County.

DRAINAGE AREA.—31.4 square miles (measured on topographic map of Glacier Na-
tional Park).

REecorps AVAILABLE.—June 6, 1912, to September 30, 1916.

Gage.—Vertical staff on left bank at outlet of the lake, read by Oscar Montross,
John Johansen, I. E. Patterson, H. Graff, and George Hall.

DiscEARGE MEASUREMENTS.—Made by wading at outlet of lake.

CHANNEL AND coNTROL.—Control is a limestone reef arched upstream at outlet of
lake. Just below the control is a fall and cataract.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.75 feet at
7 a. m. June 17 (discharge, 1,550 second-feet); minimum stage, 1.40 feet at 4.30
p. m. April 5 (discharge, 35 second-feet).

1912-1916: Maximum stage recorded, 4.75 feet June 17, 1916 (discharge, 1,550
second-feet); minimum discharge recorded, 10.8 second-feet March 19, 1912, by
current meter measurement prior to installation of gage.

Ice.—Stage-discharge relation seriously affected by ice.

Diversions.—None.

RecuraTioN.—None.

Accuracy.—Stage-discharge relation practically permanent, but affected by ice in
winter. Rating curve well defined between 44 and 825 second-feet, and is an
extension above. Gage read to quarter tenths twice daily for greater part of
year. Daily discharge ascertained by applying mean daily gage heights to
rating table. Records good except for high stages, for which they are fair.

Discharge measurements of Swiftcurrent Creek at Many Glacier, Mont., during the year
ending Sept. 30, 1916.

Date. Made by— ke | s | Date. Made by— okl |

Feet, | Sec.-ft. Feet. | Sec.-ft.

Apr. 24| W. A, Lamb........... 1.59 57 || July 17| W. A, Lamb........... 2.85 534

June 9| A. H. Tuttle -l 3.2 597 | Aug. 17 {..... AOeeee e 2,19 180
25 d - 3.30 725
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Daily discharge, in second-feet, of Swiftcurrent Creek at Many Glacier, Mont., for the
year ending Sept. 30, 1916. )

Day. Oct. | Nov. | Feb. | Mar. | Apr. | May, | June, | July, | Aug. | Sept,
44 43 159 220 715 212 159
42 41 141 188 770 212 159
40 41 178 204 770 208 208
39 40 251 535 935 204 560
38 b 7 DA 660 825 193 688
39 38l 585 715 178 660
41 - 2 DU 460 660 172 560
42 39 ........ 485 660 178 510
41 42 |........ 560 715 410
42 48 |........ 770 715 315 185
42 [:: 3 . 610 715 242 138
50 59 [.o..... 535 688 201 156
65 60 | ....... 510 715 185 149
70 i R, 560 660 193 133
74 70 ..ol 825 535 204 116
67 (L T 1,220 510 197 112
67 (1 PR 1,520 485 197 97
53 (L P , 040 460 238 97
56 65 |.coonnn- 1,340 485 260 94
59 L0 1,280 386 208 99
82 63 53 70 {11 20 P, 1,400 362 182 95
88 59 48 79 59 [eooo. 880 338 168 92
90 63 45 73 5410........ 660 315 193 82
84 65 39 7 53 [.eeenn.. 610 292 216 79
88 59 41 59 L% 3 715 269 216 79
95 53 41 59 70 . ...... 770 260 224 82
107 52 39 50 147 |oeeennns 770 251 208 81
107 51 41 52 292 |........ 990 242 185 79
121 50 38 53 460 |........ 990 233 178 76
125 50 [ooennnns 47 185 fuvennnnn 880 212 178 73
121 | L7 PO SRR P 201 168 |ecennnnn
NoTE.—No gage readings obtained Nov. 27 to Feb, 17, Mar, 1-4 and May 5 to June 3. Daily discharge

Nov. 27-30, Mar. 1-4 and June 1-3 determined from records obtained on Swiftcurrent Cseek at Sherburne,

Monthly discharge of Swiftcurrent Creek at Many Qlacier, Mont., for the year ending
Sept. 80, 1916.

Dis nd-feet.
charge in seco! Run-off
Month. (totalin
Maximum.| Minimum. | Mean. | 8cre-feet).
{871 o) R 224 82 119 7,320
November. .. 125 50 79.2 4,710
February 18-29. 56 38 43.1 1,030
March 79 38 53.9 3,310
460 37 83.1 4,940
251 141 182 1,440
1,520 188 759 45,200
935 201 519 32,900
315 168 207 12, 700
688 3 204 12,100
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SWIFTCURRENT CREEK AT SHERBURNE, MONT.

LocarroN.—In sec. 35, T. 36 N., R. 15 W., near outlet of Lower Sherburne Lake, at
Sherburne, in Teton County.

DRAINAGE AREA.—64.0 square miles (measured on topographic map of Glacier
National Park. .

REecorps AvamaBLE.—July 1, 1912, to September 30, 1916.

Gace.—Staff gage on left bank about 300 feet below the spillway of Sherburne Lake
dam; read by employees of United States Reclamation Service. From July 1,
1912, to November 9, 1914, a vertical staff gage was maintained on left bank
about 1,000 feet upstream and at a different datum from the present gage.

DISCHARGE MEASUREMENTS.—Made from a footbridge at dam or by wading.

CHANNEL AND CONTROL.—Stream bed is permanent at gage and at control below;
banks high and not subject to overflow. An outcropping limestone ledge, some-
what broken and irregular, forms the control.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 7.85 feet at 5 p. m.
June 17 (discharge, 2,280 second-feet); minimum stage, 0.5 foot at 8 a. m. and
5 p. m. April 25 (discharge 4.0 second-feet).

1912-1916: Maximum stage recorded, 7.85 feet June 17, 1916 (discharge, 2,280
second-feet); minimum stage, 0.5 foot April 25, 1916 (discharge, 4.0 second-feet).

Ice.—Stage-discharge relation not seriously affected by ice except for short periods.

Drversions.—None.

REecuratioNn.—Natural flow of stream affected by a temporary dam built at outlet of
lake for construction work in connection with the Sherburne Lake storage dam.

Accuracy.—Stage-discharge relation practically permanent under normal conditions
but was affected at times during year by ice and débris on control. Rating
curves applicable as follows: October 1 to November 14, November 20 to
December 15, February 6 to May 6 and June 22 to September 30, well defined,
between 4 and 800 second-feet; May 7 to June 21, well defined between 300
and 800 second-feet. Gage read to hundredths twice daily. Daily discharge
ascertained by applying mean daily gage heights to rating table. Records good.

Discharge measuremenis of Swiftcurrent Creek at Sherburne, Mont., during the year
ending Sept. 30, 1916.

Date. Made by— ke | i, || Date. Made by— 1okS |,
Feet. | Sec.Ht.

May 22 384

June 9 771

July 17 584

Aug. 17 252

Sept. 16 132

o Stage-discharge relation affected by drift on control.
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Daily discharge, in second-feet, of Swiftcurrent Creek at Sherburne, Mont., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
106 150 60 |........ 65 | 106 349 293 1 1,130 260 210
230 158 60 |.o..o... 60 | 100 303 251 | 1,170 270 375
349 158 65 .. ..... 55 93 303 272 | 1,350 270 494
403 158 65 ........ 50 93 375 413 | 1,350 230 526
303 150 (170 PR 41 87 590 7321{ 1,220 220 766
166 166 65 33 41 87 766 770 | 1,000 230 730
201 166 65 37 38 93 922 695 880 220 558
201 150 65 37 41| 106 770 590 880 220 158
183 142 65 33 55| 120 624 770 920 281 29
183 135 65 37 65| 135 440 846 960 349 100
183 135 65 37 106 | 158 362 846 960 349 150
120 120 60 33 135 | 166 104 846 | 1,260 303 166
106 113 60 33 201 | 183 293 770 | 1,130 260 158
120 142 60 37 183 55 293 770 433 230 158
142 138 60 41 166 150 212 846 349 220 142

150 | 201 194 846 526 230 135
150 | 210 177 | 2,250 590 230 128
135 | 201 186 | 1,860 590 303 113
120 | 250 231 | 1,860 558 303 113
142 | 240 315§ 1,770 433 281 106
201 183 362} 2,000 403 281 106
192 | 166 387 { 1,680 403 250 106
183 | 150 338 960 349 230 100
166 | 106 293 730 325 230 120
150 4.0 293 880 325 250 113
166 4.4 272 | 1,000 325 270 113
158 4.5 251 | 1,080 349 270 87
142 65 2511 1,260 325 250

128 1 349 293 | 1,400 281 240 81
120 | 403 315 | 1,310 260 230 70
106 |........ 203 |........ 260 220 |........

NogE.—Discharge, Nov. 15-19, interpolated because of ice on control.
e

No récords obtained Dec. 16 to

Monthly discharge of Swiftcurrent Creek at Sherburne, Mont., for the year ending Sept.

380, 1916.
Discharge in second-feet.

1 ge in second-feet. Run-off

Month. (totalin

Maximum. | Minimum, | Mean. acre-feet).
(8701 71) 173 S 403 106 176 10,800
November............... 166 70 127 7,560
December 1-15 65 60 63.0 1,870
February 6-29 135 33 70.7 3,370
Ma; 201 38 120 7,380
403 4.0 142 8,450
922 104 360 22,100
2,250 251 1,020 60, 700
1,350 260 687 42,200
349 220 257 , 800
766 29 210 12, 500
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OTTERTAIL RIVER AT GERMAN CHURCH, NEAR FERGUS FALLS, MINN,

Location.—At highway bridge on south line of sec. 31, T. 134 N., R. 42 W, about 5

miles upstream from old station known as ‘‘Ottertail River near Fergus Falls,”
and 8 miles north of Fergus Falls, Ottertail County.

DraINAGE AREA.—1,300 square miles.
REecorps avamaBLE—October 29, 1913, to September 30, 1916. May 9, 1904, to

October 22, 1913, for station about 5 miles downstream from the present station.
The drainage area at the lower station is only 10 square miles larger than that at
the upper and no tributaries intervene.

Gage.—Chain gage attached to downstream handrail near right bank; read by D. 8.

Danielson.

DiscHARGE MEASUREMENTS.—Made from downstream side of the bridge.
CHANNEL AND coNTROL.—Bed composed of sand, gravel, and boulders. Rapids

about 100 feet below gage form a well defined control, which is practically per-
manent except for a slight growth of vegetation in the channel at times. Banks
at and above gage high; probably not subject to overflow; at the control the
land adjacent to the left bank is low and will be overflowed at a stage of
about 5 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 3.0 feet at 8.30

IcE.

a. m., June 29 (discharge, 982 second-feet); minimum dischare recorded by cur-
rent-meter measurement made January 28 (discharge, 187 second-feet); the
absolute minimum during the year estimated at 181 second-feet, January 20 and
February 1.

1914-1916: Maximum stage recorded, 3.0 feet at 8.30 a. m., June 29, 1916 (dis-
charge, 982 second-feet); minimum discharge during period recorded by measure-
ment made February 28, 1914 (discharge, 171 second-feet).

—Stage-discharge relation seriously affected by ice.

REecurarioNn —Fluctuations caused by operation of a number of dams and small mills

above station are equalized by small lakes through which the river flows before
reaching the station, so that fluctuations are not observed at the gage.

Accuracy.—Stage-discharge relation permanent, except as affected by ice during

winter. Rating curve well defined throughout. Gage read to quarter tenths
once daily; as fluctuation in stage is gradual, one reading per day gives good
results. Daily discharge ascertained by applying the daily gage height to rating
table except for the period when the stage-discharge relation was affected by ice
for which it was ascertained by applying to the rating table the mean daily gage
heights corrected for ice effect by means of discharge measurements, observer’s
notes, and weather records. Open-water records good.

Discharge measurements bf Ottertail River at German Church, near Fergus Falls, Minn.,

during the year ending Sept. 80, 1916.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || D&te- Made by— height. |charge.
| Feet. | Sec.ft. Feet. | Sec.-ft.
Nov, 8| 8.B.Soulé............. 1.99 383 || Mar. 17 | S. B, Soulé............. 3.54 a 274
Dec. 24 | E. L. Willlams......... 3.34 a311 || Apr. 13 | O, Christinson.........| 1.95 376
Jan. 28 | 8. B. Soulé............. 2.75 6187 || July 21 | S. B. Soulé............. 2.58 714

o Ice at control.
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. Daily discharge, in second-feet, of Ottertail River at German Church near Fergus Falls,
Minn., for the year ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar, | Apr. | May. | June. | July. | 4ug. | Sept.

434 392 336 269 181 259 362 556 769 837 613 505

402 f....... 272 183 |....... 379 f....... 769 |....... 642 505 |.......

NotEe.—Discharge Nov. 21-23 and Nov. 28 to A]gr. 10, estimated, because of ice, from discharge measure-
ments, observer’s notes, and weatherrecords. Discharge inter};olated because gage was not read, Oct. 10,
17, 24, 31, Nov. 17, Apr. 12, 14, 16, 19, 22, 24, 26, 28, 30, May 1, 2, 7, 17, 28, June 2, 9, 11, 14, 25, July 2, 21, 24,
30, Aug. 6, 10, 13, 15, 20, 27, Sept. 4, 8, and 18.

Monthly discharge of Ottertail River at German Church, near Fergus Falls, Minn., for
the year ending Sept. 30, 1916. .

{Drainage area, 1,300 square miles.}

Discharge in second-feet.
arg Run-off
(depthin
Month. Per inches on
Maximum. | Minimum, | Mean. | square dgs;ienage
ile. a).
L9762 70) s -3 Y 457 402 432 0.332 0.38
November 392 336 369 284 32
December 354 272 321 . 247 28
January... 269 181 211 .162 .19
February. 354 181 256 197 .21
ch 396 242 294 226 .26
April. 543 261 392 302 .34
V.. 769 556 671 .516 .59
June.. 982 704 774 .595 .66
July.. 837 642 729 . 561 .65
August. .. 613 505 549 422 .49
September. 642 505 585 . 450 .
Theyear........cooucueaeeaoa... e 982 181 466 .358 4,87
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RED RIVER AT FARGO, N. DAK.

LocATioN.—At the dam half a mile above the highway bridge on Front Street, Fargo,
in Cass County, 10 miles above the mouth of Sheyenne River.

DRAINAGE AREA.—06,020 square miles.

RECORDs AvAaLABLE.—May 27, 1901, to September 30, 1916.

GaGE.—Vertical staff attached to tree on left bank, about 6 rods above dam; vertical
staff for use at low stages attached to piling pier of footbridge at same point, on
second pier from left bank; datum about 1.0 foot below crest of dam. Prior to
September 1, 1914, vertical staff attached to breakwater for center pier of Front
Street bridge was used and is still maintained there by the United States Weather
Bureau, but can not be read accurately without a field glass and has less perma-
nent control. The datum of the Front Street gage is such that, if the dam were
removed or if the stage is so high as to completely drown the dam, readings on the
Front Street gage are about 10.4 feet greater than on the gage at the dam.

DIsCHARGE MEASUREMENTS.—Made from footbridge 8 rods upstream from the dam,
except at low stage, when the current is too sluggish at that point, and the Front
Street bridge is used. ’

CHANNEL AND CONTROL.—Bed of stream consists of clay and silt; slightly shifting.
The dam below the gage forms the control,

EXTREMES OF DISCHARGE.—Maximum stage recorded during year 19.9 feet, April
6 (stage-discharge relation seriously affected by backwater from ice jam). Maxi-
mum discharge at 3.30 p. m. July 11, 7,960 second-feet (gage height, 17.34 feet).
Minimum stage during open-water periods, 2.85 feet, November 18, 1915 (dis-
charge, 471 second-feet). A lower stage probably occurred during winter.

1901-1916: Maximum stage recorded, that of April 6, 1916. Minimum stage
recorded 5.7 feet (gage at Front Street Bridge), November 1, 1910 (discharge, 36
second-feet).

Ice.—Stage-discharge relation affected by ice from middle of November to end of
March, but control such that open-season rating curve assumed applicable with
small corrections deduced from discharge measurements and records of tempera-~
ture.

REeeuLaTioN.—The dam, which is a tight overflow weir without sluices, was built to
maintain a sufficient depth of water for the intake pipe of the waterworks, and
raises the water about 5 feet at low stage. There is no power plant or storage
nearer than 60 miles above station, and the storage there is not great enough to
affect perceptibly discharge at station.

Accuracy.—Stage-discharge relation slightly shifting; affected by ice during winter.
Rating curve well defined between stages of 400 and 2,400 second-feet, and fairly
well defined at higher stages. Gage read to hundredths twice daily. Open-
water records good.

Discharge measuremenis of Red River at Farg%, N. Dak., during the year ending Sept. 30,
1916.

Date. Made by— hgig x ch);irsg;e. Date. Made by— h(e}i vy chlzifg'e
. Feet. | Sec.-ft. Feel. | Sec.ft.
Nov. 6| E. F.Chandler......... 23.28 697 || June 10 | V. H. Sprague.........| 5.02 2,140
Apr. 8] ... [0 Y (b) | 7,210 || Aug. 24 | E. F. Chandler......... 5.18 2,350
19 | V. H. Sprague......... (¢) 4,400

a O1d gage read 9.45 feet. b01d gage read 28.79 feet. ¢ O1d gage read 19.55 feet.



HUDSON BAY DRAINAGE BASIN. 27

Daily discharge, tn second-feet, of Red River at Fargo, N. Dak., for the year ending Sept.

30, 1916.

Day. Oct. | Nov. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
4,560 | 2,230 | 4,040 | 2,520 | 1,410
4,120 2,620 4,480 ] 2,430] 1,270
3,760 | 2,430 | 4,840 [ 2,020| 1,060
3,440 | 2,230 | 5,200} 2,020 1,100
3,300 | 2,430 { 5,600 | 1,810 1,020
3,180 | 2,520 | 5,90 1,810 | 1,020
2,000 2,430 | 6,600 1,710 1,020
2,620 | 2,430 | 7,040 | 1,600 | 1,020
2,430 | 2,20 7,440] 1,550 | 1,060
2,230 | 2,230 | 7,600 | 1,460 | 1,140
2,020 | 2,20| 7,720 | 1,460 | 1,180
1,920 | 2,120| 7,680} 1,810 | 1,270
1,810 | 2,430 | 7,560 | 2,020| 1,360
1,860 | 2,330 | 7,360 | 2,120 | 1,360
1,920 2,230 | 7,080 2,020 1,410
2,020 2,20 6,680 | 2,020| 1,460
2,120 | 2,120 | 6,280 | 1,550 | 1,460
2,120 1 2,020 | 5,880} 1,360 1,510
2,520 ,020 | 5,520 | 1,270 1,510
2,620 | 1,920 | 5,360 | 1, 1,460
2,620 | 1,710 | 5,200 | 1,100 | 1,460
2,430 | 1,500 5,000 1,180 1,360
2,330 | 1,500°| 4,760 | 1,460 | 1,360
2,230 | 1,500 | 4,440 | 2,020 | 1,320
2,230 | 1,230 | 4,160 [ 2,520 1,270
2,230 | 1,180 | 3,840 | 3,110 1,180
2,230 | 1,140 | 3,600 | 2,620 | 1,060
2,230 | 1,140 | 3,350 | 2,120 1,100
2, 3,440 | 3,240 | 2,020 | 1,100
2,230 | 3,760 | 2,830 | 1,810 | 1,140
2,330 {-.enennn 2,710 { 1,550 |........

NosE.—Stage-discharge relation seriousl;; affected by ice Nov.18 to Apr.12. Discha.r]%e, Mar. 26 to Apr.
12, estimated from gage heights, observer’s notes, and one discharge measurement. Discharge, Apr.16,
May 7, 14, and July 16, interpolated.

Monithly discharge of Red River at Fargo, N. Dak., for the year ending Sept. 30, 1916.

Discharge in second-feet.
b 8 n Run-off

Month (totalin
Maximum. | Minimum. | Mean, | 8Cre-feet).

G 836 739 794 48, 800

November 1-18. e ...l e 770 471 652 23,300
.............................................. 3,840 836 | 2,130 25, 400
..................................................... 7,440 4,480 6,080 362,000
............................ 4,560 1,810 | 2,540 156,000
........................................ 3,760 1,140 2,120 126,000
........................................ 7,720 2,710 5,450 335,000
.................................... 3,110 1,100 1,850 114,000
............................................... 1,510 1,020 1,250 74, 400

RED RIVER AT GRAND FORKS, N. DAK.

Locatron.—At Northern Pacific Railway bridge between Grand Forks, N. Dak., and
East Grand Forks, Minn., about half a mile below mouth of Red Lake River, in
Grand Forks County.

DRAINAGE AREA.—25,000 square miles.

REecorDs AvarLABLE.—May 26, 1901, to September 30, 1916; gage-height records kept
by United States Engineer Corps since 1882, and a few discharge measurements
were made by them in early years.

-
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Gaces.—Staff and chain attached to Northern Pacific Railway bridge; same datum.
As arule chain gage is read only during periods of exceptionally low water. Gage
of United States Engineer Corps on bridge breakwater at same place as staff gage
of United States Geological Survey; datum 5 feet higher.

DISCHARGE MEASUREMENTS.—Made from Great Northern Railway bridge, about one-
fifth mile above gage.

CHANNEL AND coNTROL.—Bed composed of clay and silt; shifts slightly. .

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 41.0 feet at 5 p. m.
April 17; stage-discharge relation affected by backwater from ice jam. Maximum
discharge, 29,000 second-feet, April 22. Minimum stage during open-water
periods, 6.6 feet, October 3 to 4 and November 3 to 11, 1915 (discharge 1,500
second-feet); winter minimum considerably smaller than this. (See estimated
flow for January and February, 1916.)

1882-1916: Maximum stage recorded, 50.2 feet, April 10, 1897 (discharge,
43,000 second-feet); minimum stage, 2.6 feet, February 10, 1912 (discharge 100"
second-feet).

Ice.—River flows under smooth ice from about middle of November to middle of April;
flow usually steady with no fluctuations; since 1905 sufficient discharge measure-
ments have been made each winter to obtain fairly satisfactory summaries of flow. .
Owing to a gentle current and the fact that the river flows north into cooler regions,
the gage reading is usually excessive for a few days or weeks when ice breaks up
in the spring, and flow must be determined largely by estimating, unless daily
discharge measurements are made; current-meter measurements when river ap-
peared to be open at station have sometimes shown reading more than 6 feet
greater than that corresponding to the same discharge when the entire river is
open.,

REecuLATION.—No dams, other obstructions, or rapids below; channel fairly uniform
formany miles. Nearest power plant and reservoir affecting flow are at Crookston,
25 miles above, on Red River. About half the water comes from Red Lake River,
but storage at Crookston plant is too small to cause perceptible fluctuation at
gage. There are no important power plants or reservoirs within a hundred miles
above Grand Forks on Red River proper and its tributaries.

Accuracy.—Stage-discharge relation slightly shifting; affected by ice during winter.
Rating curve fairly well defined between 2,500 and 9,000 second-feet. Gage read
to half-tenths twice daily. Open-water records good.

Discharge measuremenis of Red River at Grand Forks, N. Dak., during the year ending
, Sept. 80, 1916.

Gage Dis- Gage | Dis-
Date. Made by. height. | charge. || D?te: Made by height. | charge.
Feet. | Sec-ft. Feet. | Secft.
Oct. 9| Sprague and McKay...| 6.78 1,750 || Apr. 8b Spradgue and MeKay...] 35.46 | 17,800
Dec. 23¢| Chandler and McKay..| 6.97 1,090 160..... 0o nvncsoscaccanen 40,77 | 25,200
Feb. 8a| Sprague and Miller..... 6.15 628 || Sept. 30 [ Wardwell and Dale....| 10.09 3,450
Mar. 18| Sprague and Miller..... 7.40 862

a River frozen over. b Backwater from ice,
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Daily discharge, in second-feet, of Red River at Grand Forks, N. Dak., for the year ending

Sept. 30, 1916.

Q
#
2
3
b=
B
=
£
«
-
g
X
o

Aug. | Sept.

90.00.00,00 00

g 88838 23312

990

990

730
400 | 13, 4,600 | 3,180
;240 | 13,800 | 4,530 | 3,300
, 8,240 | 14,100 | 4,470 | 3,29
7,920 | 14,400 | 4,340 | 3,620
7,300 | 14,600 | 4,140| 3,810
6,850 [ 14,700 | 4,070 | 4,140
6,770 | 14,500 | 4,400 | 4,530
6,560 | 14,400 | 4,600 | 4,670
6,270 | 14,000 | 4,740 | 4,620
5,840 [ 13,600 | 4,800 | 4,580
5,630 | 13,100 | 4,670 | 4,530
5,420 [ 12,500 | 4,940 | 4,470
5,280 | 11,800 | 5,080 | 4,400
5,140 | 11,300 | 5,010 | 4,270
5,010 | 10,900 | 4,740 | 4,200
4,870 | 10,500 | 4,600 { 4,070
4,870 { 10,200 | 4,670 | 3,940
4,940 | 9,600 | 4 3,810
5210 | 9,070 | 5,010{ 3,750
2700 | 8,400 | 5, 3,680
6,210 7,840 5,420 3,560
6,700 | 7,300 | 5490 | 3,460
........ 6,770 | 5,280 |ceverv.n

NorE.—Stage-discharge relation seriously affected by ice Nov. 12 to Apr. 22; discharge estimated as
follows: Nov. 12-30, 1,350 second-feet; Dec. 1—1%1,200 second-feet; Dee. 11-25, 1,100 second-feet; Dec. 26-31,

1,050 second-feet; Jan. 1-31, 840 second-feet; Fe!

1-22, daily discharge given in above table. Discharge, Sept. 17 and 18, interpolated.

. 1-29, 670 second-feet; Mar. 1-31, 1,070 second-feet; Apr.

Monihly discharge of Red River at Grand Forks, N. Dak., for the year ending Sept. 30, 1916.

Discharge in second-feet.

Run-off
Month. (totalin
Maximum. | Minimum. | Mean. | 3cre-feet).
1,610 99,000
1,410 83,900
1,240 76,200
840 51,600
670 380500
1,070 65,800
7200 | 1,320,000
11,000 676,000
67820 406,000
117300 695, 000
4,920 303,000
3,960 236,000
5,580 | 4,050,000

Nore.—See footnote to table of daily discharge.
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MUSTINEA RIVER NEAR WHEATON, MINN.

Locarion.—On line between secs. 23 and 26, T. 127 N., R. 47 W, at highway bridge
about 600 feet above mouth of Bender’s Coulee, a small creek that enters from
the left, 3 miles above Lake Traverse (into which the river discharges), and 3
miles southwest of Wheaton, Traverse County.

DRAINAGE AREA.—949 square miles.

REcorps AvamaBLE.—June 7 to November 30, 1916, when station was discontinued.

Gace.—Vertical staff gage attached to plank bolted to upstream I-beam piling sup-
porting right end of bridge; read by Fred Schumacher.

DistuarGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND coNTROL—Bed composed of clay and silt. For about a mile below
gage the channel has been artificially excavated, so that depth and width are
uniform. Control not well defined. Slope of river from station to Lake Traverse
so slight that stage-discharge relation is affected by changes in stage of lake.

EXTREMES OF DISCHARGE.—Maximum stage recorded since gage was installed, 7.9
feet July 7 (discharge, 1,630 second-feet); the flood in the spring of 1916 reached
a stage about 14.0 feet above zero of gage, but owing to backwater from Lake
Traverse (see paragraph on Channel and Control), discharge at that stage can not
be accurately determined ; minimum stage recorded, 2.42 feet October 30 to Novem-
ber 4 (discharge, 27 second-feet).

Accuracy.—Stage-discharge relation affected by backwater from Lake Traverse and
changes with stage of that lake. Rating curve poorly defined. Gage read to
quarter tenths twice daily. Daily discharge ascertained by applying mean daily
gage heights to rating table. Records poor.

Discharge measurements of Mustinka River near Wheaton, Minn., during 1916.

. [Made by S. B. Soulé.)

Gage | Dis- Gage | Dis- Gage | Dis-
Date. height.| charge. Date. height. | charge. Date. height. | charge.
Feet. | Sect. Feetl. | Secft. Feet. | Sec-ft.
June 7........ 4.32 259 [ Aug. 16....c...f 38.70 80 || Oct. 14........ 2.58 31
July 2........ 7.19 1,350 16.ccen..- 3.70 81 14........ 2.58 32

Daily discharge, in second-feet, of Mustinka River near Whéaton, Minn, for 1916.

Day. | June, | July. | Aug. | Sept. | Oct. | Nov. || Day. |June. | July.| Aug. | Sept. | Oct. | Nov.
206 62 34 27 172 674 87 47 33 26
172 58 34 27 140 636 74 4 29 26
172 56 34 27 118 560 66 40 29 26
172 56 34 27 118 560 62 44 29 26
156 51 34 27 122 524 58 43 29 0.......
140 47 34 27 1 21..... 92 470 72 42 29
156 50 34 271 22..... 72 416 100 36 29
140 42 33 27 4 23..... 172 380 118 36 29
118 42 33 27 || 24..... 122 380 109 36 29
109 50 36 27 || 25..... 92 344 104 40 29
100 44 33 27 1| 26..... 100 308 87 36
109 44 32 7 | 27..... 87 291 78 38 28
109 44 32 271 28..... 82 274 78 34 28
109 44 31 27 1 29..... 416 257 68 34 28
100 47 29 26 | 30..... 990 240 64 35

23 IR PN 240 64 |....... 27

Nore.—Discharge Nov. 20-30, estimated, because of ice, from weather records and discharge of period
immediately proceeding, at 25 second-feet.
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Monthly discharge of Mustinka River near Wheaton, Minn., for 1916.

[Drainage area, 949 square miles.]

Discl in second-feet.
harge in second-fer Run-off
(depthin
Month. Por inches on
Maximum. | Minimum. | Mean. | square | 4rainege
mile. | 8rea)
72 202 0.213 0.19
1,630 240 821 . 865 1.00
58 108 114 .13
62 34 44 046 05
36 27 31 033 04
27 |t 26 027

WILD RICE RIVER AT TWIN VALLEY, MINN.

Location.—In T. 144 N., R. 44 W, at highway bridge at Twin Valley, Norman
County, 2 miles above a small tributary which enters from the right at Heiberg.

DRAINAGE AREA.—805 square miles.

RECORDS AVAILABLE.—June 30, 1909, to September 30, 1916.

GagE.—Vertical staff; read by Axel Johnson.

DiscHARGE MEASUREMENTS.—Made from bridge, except at extremely low stages,
when they are made by wading below bridge.

CHANNEL AND CONTROL.—One channel at all stages; bed composed of sand and
silt. Control not well defined; right bank high and wooded; left bank will be
overflowed to some extent at stage of 12 feet.

ExTREMES OF DISCHARGE.—Maximum open-water stage recorded, 9.7 feet, June 1
(discharge, 1,670 second-feet); minimum stage recorded, 4. 85 feet, November 14
(discharge, 63 second-feet); minimum discharge when river was frozen over,
estimated 19 second-feet during the last part of February.

1909-1916: Maximum stage recorded, 20.0 feet at 7 a. m. July 22, 1909 (dis-
charge, about 9,200 second-feet); minimum open-water discharge, 12 second-feet,
August 31 and September 1, 1913; minimum winter discharge measured by
current meter, 10 second-feet, February 5, 1912; the absolute minimum was
probably less than this amount.

Ice.—Stage-discharge relation seriously affected by ice; flow determined from dis-
charge measurements, observer’s notes, and weather records.

REecuLATION.—Discharge affected by storage created by dams at the lower end of
Lower Rice Lake and at the outlet of Twin Lakes. .

Accuracy.—Stage-discharge relation permanent except as affected by ice during
winter. Rating curve fairly well defined. Gage read to half tenths twice daily.
Daily discharge ascertained by applying mean daily gage heights to rating table.
Records good.

Discharge measurements of Wild Rice River at Twin Valley, Minn., during the year
ending Sept. 30, 1916.

Date. Made by— h(giag e chDa,:-sg-e. Date. Made by— hﬁ}gﬁ_ cl?a,irsge.

Feel. | Sec.-ft.

Oct. 24 Apr. 26 8.08 967

Dec. 19 Aug. 2 5.98 288

Feb. 6 3 593 270
Mar. 19

a Complete ice cover at control.
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Daily discharge, in second-feet, of Wild Rice River at Twin Valley, Minn., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

1. 7] o4 s22 | 719| 1,670 | 1,530 | 305| 188
2. 128 & 900 | 686 | 1,530 | 1,440 | 268 | 199
3. 128 87 1,170 | 686 | 1,260 | 1,260 | 256 | 210
4. 28| &7 1,170 | 686 | 1,170 | 1,080 [ 280 | 199
5. 128 87 900 | 654| 942 | ‘986 | 280| 210
6. 124 | 87 860 | 6541 s60| 900| 256| 210
7. 10| 87 se2 | 622 | 822 | 900| 25 199
8. 1o | et gl 4| . sa| 986 | 5911 752| 00| 24 178
9. 10| 110 0 1,00 | 591 686| 788| 233 157
10. 10| 10 900 | 560| 654| 752 244| 280
11. 10| 110 so2( 560( 622( 79| 305 256
12. 10 | 128 1,120 | 530 560 65¢| 318| 280
13 10| 110 s22| 500! 30| 622| 331| 256
14. 10| 63 s60| s500| 500} 501| 331| 256
15 119 80 1,080 53| 47| 500| 305| 256
119 87 1,260 | 62| 47r1| 4n1| 305| 233
no| 94 1,120 622| 500( 442| 268 222
e | 94 1,0oso| 622 530 399) 233| 210
10| o4 942 | 591| 530 {1,080 233 199
110 80 s L170| 60| 471 ‘72| 22| 210
02| 87 1,210 60| 413| 686| 233 188
94| 68 1 560 | 385 | 654| 244 188
oa | s8Il ool b L120| 62| 560| 50| 256 188
9% | 58 1,030 | 686 860| 442 | 244 178
02| 50 986 | 786 | 1,210 | 442 | 244 178
02| 50 g0 | 942|1,030|1,260| 560 | 233 167
94| 50 s0| 900 '900| 1,080} 591 | 233 165
94| 50 90| s60| 82| 1080 442| 222] 167
94| 50 00| s22| 752|140 43| 22| 167
9| 50 40| 72| T19)1,400| 38| 199 157
94 |....... 331 |....... 752 | 358 | 188 |...... .

Nore.—Discharge, Nov. 15 to A%r. 10, estimated, because of ice, from discharge measurements, obser-
ver’s notes, and weather records. Braced figures show mean discharge for period indicated.

Monthly discharge, in second-feet, of Wild Rice River at Twin Valley, Minn., for the
year ending Sept. 30, 1916.

Month. Maximum. | Minimum. | Mean. Month. Maximum. | Minimum. | Mean.
October........ 147 94 110 || May............ 1,030 500 654
November... .. 128 50 81 || June.. 1,670 385 842
December......|..... O 54 || July............ 1,530 358 717
January....... 37 || August......... 331 188 258
February 28 || September..... 280 157 205
March.......... 77
April........... 1,260 752 989 The year. 1,670 50 337

DEVILS LAKE NEAR DEVILS LAKE, N. DAK.

LocaTioN.—At the biologic station of the University of North Dakota, near Devil’s
Lake, in Ramsey County, 6 miles southwest of the city of Devil’s Lake.

REcorDS AVAILABLE.—June 8, 1901, to September 30, 1916 (fragmentary).

Gasr.—Staff gage on pier at the biologic station. The zero of the gage is at an
elevation of 1,393.3 feet above sea level. Previous to 1916 staff gages have been
placed at convenient points on piers, but it has been necessary to renew them
occasionally, some times every year, because of the fact thiat they are damaged
by ice during the spring break-up. These gages have been reset as near as
possible to the correct datum, often by the use of a carpenter’s level. Occasion-
ally errors of 0.1 foot in the records have been discovered when accurate checks
were made, but no larger errors are likely to occur. The gage is read occasionally
by employees of the biologic station.
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EXTREMES or sTAGE.—Maximum stage recorded during year, 7.72 feet May 1; mini-
mum stage recorded, 6.9 feet, November 5.
Between 1880 and 1916 the lake fell approximately 16 feet, and its area has
decreased about one-half.
RecuraTion.—The lake has no outlet. The change in the surface elevation is due
to the inflow from the adjacent drainage area and the evaporation.
CooPErATION.—Records are furnished by the North Dakota Biological Survey.

Gage height of Devils Lake near Devils Lake, N. Dak., in 1918-1916.

Date. Feet. Date. Feet. Date. Feet.
1914—Continued.

7 8.88 7.72
8.35 7.54

8.16 7.55

8.22 7.62

8.00 7.90

7.57

7

7.12

(@)

a About 6.90 feet.
RED LAKE RIVER AT THIEF RIVER FALLS, MINN.

LocaTion.—In sec. 33, T. 154! N., R, 43 W., one-third mile below dam at Thief
River Falls, Pennington County, and a mile below mouth of Thief River, which
comes in from the right.

DRAINAGE AREA.—3,430 square miles.

REcorDs AvaiLaBLE.—July 2, 1909, to September 30, 1916.

Gage.—Inclined staff gage on left bank; read by H. W. Hoard.

CHANNEL AND coNTrROL.—Gravel; practically permanent.

EXTREMES OF DISCHARGE.—Maximum open-water stage recorded 12.2 feet, April
19-21 (discharge, 7,040 second-feet); minimum open-water stage recorded, 4.65
feet, November 4 and 6, 1915 (discharge, 412 second-feet); minimum discharge,
when river was frozen over, estimated at 258 second-feet January 14.

1909-1916: Maximum open-water stage recorded, 12.2 feet, April 19-21, 1916
(discharge, 7,040 second-feet); minimum discharge recorded, zero, July 17 and
August 27, 1911.

Ice.—Stage-discharge relation seriously affected by ice.

REecuLATION.—A short distance above station is a dam owned by the Hansen & Bar-
zen Milling Co., and the city lighting plant. The variation in load on the tur-
bines, due to the operation of the lighting plant at night and of the mill, chiefly
during the day, caused fluctuations in the river at the gage.

Accuracy.—Stage-discharge relation permanent except as affected by ice during win-
ter. Rating curve well defined between 19 and 2,550 second-feet, and fairly well
defined between 2,550 and 5,600 second-feet. Gage read to half tenths twice
daily. Daily discharge ascertained by applying mean daily gage heights to rating
table, except for periods when stage-discharge relation was affected by ice, for
which it was ascertained by applying to rating table mean daily gage heights cor-
rected for ice effect by means of discharge measurements, observer’s notes, and
weather records. Records only fair because of inaccuracy of mean daily gage
height as obtained from two readings daily of the gage.

1 Township location publshed in previous water-supply papers is in error.
6342°—18—wsp 435——3
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Discharge measurements of Red Lake River at Thief River Falls, Minn., during the year
ending Sept. 30, 1916.

Gage | Dis- Gage | Dis-
Date. Made by— height. | charge. || D8t Made by— height. | charge.

Feet. | Sec.ft.
Dec. 220| D.C. McKay........... 6.25 592 || Apr. 24
Feb. b5af..... do. 5.81 349 30
Mar. 12q/..... do. 5.89 379 || Aug. 4

Apr: 22b| Chandler and McKay..[ 11.83 7,880 || Sept. 8

& Complete ice cover at control. b Float measurement.

Daily discharge, in second-feet, of Red Lake River at Thief River Falls, Minn., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. { June. | July. | Aug. | Sept.
42| 42| 452 605 | 4,940 | 2,910 | 2,200 | 840
401 ] 452 452 515 | 4,830 | 2,880 | 1,870 | 840
515| 431 452 472 | 4830 2,850 | 2,200 | 890
gl 412] 303 560 | 4830 | 2,820 | 2110 | 840
538 | 452 | 412 560 | 4,610 | 2,820 | 2,200 | 840
560 | 393 | 452 560 | 4,610 | 2,820 | 2,110 | 890
12| 404 560 | 4,200 | 2730 | 2,280 | 940
5R2 | 472 | dod 650 | 3,400 | 2,640 | 2,200 | 940
560 | 494 | 515 605 ] 2,820 | 2,550 | 2,200 | 940
538 | 494 | 515 605 | 2,370 | 2,370 | 2,200 | 940
515| 494| 515 560 | 2,280 | 2,280 | 2,280 | 940
94| 452| 560 1,050 | 2,460 | 2,280 | 2,280 | 1,050
2| 42| 515 1,950 | 2,640 | 2,280 | 2,370 | 1,050
52| 42| w31 2,230 | 3,000 | 2,030 | 2,370 | 1,050
o2 37| 47 3/500 | 2,910 | 2,030 | 2,460 | 1,050
490 | 303| si5(f 368] 37| 41816 440|200 2110] 2370 | 1,080 |f 1300
515| 412| 472 6,800 | 2,820 | 2,110 | 2,370 | 995
04| 375| 431 6,680 | 2,910 | 2,200 | 2,370 | 1,050
4| 37| 431 7,040 | 3,100 | 2,110 | 2,030 | 1,050
2| 30| 431 7,040 | 3,100 | 2,030 | 1,790
55| 393| 512 7,040 | 3,000 | 1,950 | 1,640
404] 375| 502 6,800 | 3,000 | 1,870 | 1,500
515| 375| 552 6,680 | 3,000 | 2,030 | 1,430
515| 340| 512 6,560 | 2,910 | 1,950 | 1,430
5 30| 472 5,380 | 3,000 | 2,030 | 1,360 ||} 540
,
26eeerinnnns 404| 3571 458 5,270 | 2,010 | 2,110 | 1,360
27l 538| 340 444 5,270 | 2,820 | 2,200 | 1,300
28, Il 538 | 357| 431 5,200 | 2,910 | 2,200 | 1,230
290000 538 | 357| 441 5120 | 2,910 | 2,200 | 1,110
300000000 42| 303| 452 5,050 | 2,820 | 2,280 | 1,050
31l a1 w2l | | |20 2820 [0, 79

Nore.—Stage-discharge relation affected by ice Nov. 14 to Apr. 18. No gage readings A%. 28, 29, June
2and 3; dlscharge interpolated. No gage readings Aug. 20 to Sept. 30; discharge estimated by comparison
with records of flow of Red Lake River at Crookston, Clearwater River at Twin Valley, and Thief River
near Thief River Falls. Braced figures show mean discharge for period included.

Monthly discharge, in second-feet, of Red Lake River at Thief River Falls, Minn.. for the
year ending Sept. 30, 1916.

[Drainage area, 3,430 square miles.]

Month. Maximum. | Minimum. | Mean. Month. Maximum. | Minimum. | Mean.
October-....... 582 431 510 4,940 2,280 3,280
November..... 494 340 406 1,870 2,320

475 0 1,890
368 840 1,110
373 [ P, 1,300
418

3,580 The year. 7,040 |..onennnn... 1,330
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RED LAKE RIVER AT CROOKSTON, MINN.

LocaTioN.—At new Sampson’s Addition highway bridge in Crookston, Polk County,
a quarter of a mile below dam and power house of the Crookston Waterworks,
Power & Light Co.’s plant. No tributaries enter for several miles.

DRAINAGE AREA.—5,320 square miles.

REcorps AVAILABLE.—May 19, 1901, to September 30, 1916.

Gace.—Barrett & Lawrence water-stage recorder on right abutment of bridge; in
stalled in September, 1911; replaced chain gage attached to bridge July 1, 1909
both gages at same datum. Prior to July 1, 1909, gage was on old Sampson’s Addi
tion bridge, about 300 feet farther upstream; at ordinary stages this gage read the
same as the present one.

CHANNEL AND coNTrOL.—Control not well defined; one channel at all stages; slightly
shifting.

EXTREMES OF DISCHARGE.—Maximum mean daily stage during year from water-stage
recorder, 21.5 feet April 17, (discharge, 14,400 second-feet); minimum mean daily
stage from water-stage recorder, 3.45 feet, November 15 (discharge, 363 second-
feet); minimum mean daily discharge recorded during period river was frozen
over, 289 second-feet, November 23. .

1901-1916: Maximum mean daily stage recorded April 17, 1916. A minimum
discharge of 10 second-feet was recorded by discharge measurement made January
27, 1912. TFlow controlled to such an extent that the minimum recorded dis-
charge has no bearing on the minimum natural flow.

Ice.—Stage-discharge relation seriously affected by ice.

REecuraTioN.—Considerable diurnal fluctuation at gage is caused by operation of
‘power plant immediately above station. The plant has little storage, so that the
mean monthly flow represents nearly the natural flow.

Accuracy.—Stage-discharge relation shifting, also affected by ice during winter.
Rating curve fairly well defined between 382 and 1,320 second-feet and poorly
defined between 1,320 and 11,600 second-feet. Operation of water-stage recorder
satisfactory except when observer failed to attend to it, as noted in footnote to
table of daily discharge. Daily discharge ascertained by applying mean daily gage
heights (obtained from gage-height graph by use of planimeter) to the rating table,
except for period when stage-discharge relation was affected by ice for which it
was agcertained by applying to rating table mean daily gage heights corrected for
ice effect by means of discharge measurements, observer’s notes, and weather
records. Records fair for periods for which gage-height records were obtained and
poor for other periods.

Discharge measurements of Red Lake River at Crookston, Minn., during the year ending
Sept. 30, 1916.

pate. | waovy— [ | e | v | atem— [dafe | Dl
Feet. | Sec.-ft. Sec.-ft.
Oct. 3.83 b Apr. 20 0,400
Jan. 4.95 536 25 9,270
Feb. 4,79 384 || Aug. 2 958
Mar. 5.22 391 3 918
5.31 383

@ Cbmplete ice cover at control.
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Daily “discharge, in second-feet, of Red Lake River at Crookston, Minn., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
540 660 421 500 500 500 985 | 7,190 | 3,280 1,100 | 1,320
580 620 382 421 500 540 790 | 6,930 | 3,280 1,000 | 1,300
660 660 382 460 460 540 | 1,040 | 6,500 } 3,350 | 03,800 | 1,040 | 1,300
660 660 745 540 500 580 | 1,260 | 6,160 | 3,280 1,140 | 1,200
660 | 660 | 620| 500| 460{ 540 1,140 | 6,000 | 3,400 1,260 | 1,200
500 540 620 460 460 550 985 | 5,820 1,140 | 1,150
560 | 500 | 620 421 560 | 1,040 | 5,480 1,200 | 1,140
580 500 620 500 460 560 | 1,040 | 5,320 (3,600 | 3,400 | 1,200 | 1,440
620 560 500 460 500 570 | 1,200 | 5,140 1,260 | 1,620
560 660 500 460 460 580 | 1,560 | 4,890 1,260 | 1,690
540 700 540 460 460 745 | 3,270 | 4,640 1,200 | 1,820
540 660 540 382 421 580 | 5,740 | 4,470 1,260 | 2,280
6 480 | 540| 421| 540 620 [ 8,180 | 4,310 (13,300 | 3,100 | 1,260 | 2,210
580 382 540 421 500 660 110,100 | 4,150 1,140 | 2,210
660 363 500 421 460 700 {12,300 | 3,990 1,080 , 080
620 363 500 382 421 700 (13,600 | 3,910 1,090 | 2,020
620 344 580 382 421 700 {14,400 | 3,830 1,090 | 1,950
620 402 540 382 382 745 |14,000 | 3,590 (3,000 | 2,900 | 1,260 | 1,950
660 402 540 382 500 660 {11,900 | 3,510 2,140 | 1,880
620 382 620 344 382 790 (10, 3,510 2,210 | 1,690
620 402 660 382 421 835 110,300 | 3,510 2,210 | 1,690
620 363 660 460 460 790 (10,200 | 3,510 2,210 | 1,560
580 289 580 421 500 885 | 9,980 | 3,430 |¢2,700 | 2,200 | 2,140 { 1,500
560 | 326 | 540 | 421 | 460| 7459,710 3,430 2,140 { 1,560
580 363 460 | 460 460 500 | 9,350 | 3,510 2,080 | 1,500

<
560 382 540 460 7 9,080 | 3,510 1,880 | 1,500
620 460 620 540 382 935 | 8,900 | 3,590 1,690 | 1,500
620 500 620 500 500 985 | 8,630 | 4,070 |$3,100 | 1,600 | 1,560 | 1,450
620 500 620 620 500 935 | 8,270 | 4,150 1,380 | 1,400
620 | 421 62| 5001....... 835 | 7,730 | 3,750 1,440 | 1,400
620 |....... 540 500 |.-e.... 790 |....... 3,510 [....... 1,200 [ 1,320 |.......

Nore.—Stage-discharge relation affected by ice Nov. 16 to Apr. 27. Water-stagtia recorder not working
satisfactorily June 4 to Aug. 1, Sept. 2-6, 26-30; no gage height records available: discharge determined by
comparison with records of flow of Red Lake River at Thief River Falls, Clearwater River at Red Lake
Falls, and Wild Rice River at Twin Valley. Braced figures show mean discharge for period indicated.

Monthly discharge, in second-feet, of Red Lake River at Crookston, Minn., for the year
ending Sept. 30, 1916.

[Drainage area, 5,320 square miles.]

Month. Maximum. | Minimum. | Mean. Month. Maximum. | Minimum. | Mean.
October......... 660 500 601 | May..cc........ 7,190 3,430 4,490
700 289 483 | June. S S 3,170
745 382 B8 | Tulyeeeeeniiefimiia e ineeaeenas 2,780
620 344 450 | August... . 2,210 1,040 1,470
540 382 462 | September. .... 2,280 1,140 1,620
. 985 500 690
April........... 14,400 790 6,920 The year. 14,400 289 1,970
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THIEF RIVER NEAR THIEF RIVER FALLS, MINN.

LocarioN.—In sec. 3, T. 154 N, R. 43 W., at the Drybrook ford, Pennington County,
6 miles north of Thief River Falls. Nearest tributary, outlet of Mud Lake,
enters in the northeastern part of T. 156 N., R. 42 W.

DRAINAGE AREA.—1,010 square miles.

RecorDps AvarnasLeE.—July 1, 1909, to September 30, 1916.

Gace.—Chain gage installed August 26, 1915, attached to a cantilever timber fastened
to a tree on right bank; inclined staff gage installed September 4, 1913, to replace
old inclined staff gage, which was set at incorrect gage datum; used until August
26, 1915. Gage read by T. H. Risteigen. See Water-Supply Paper 325 for his-
tory of old gage.

DiscHARGE MEASUREMENTS.—Made from steel highway bridge, 1,000 feet below
gage; at low stages made by wading near gage.

CHANNEL AND coNTROL.—Heavy gravel and boulders; nearly permanent; one chan-
nel at all stages; banks high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 14.5 feet, April
28 (discharge, 4,080 second-feet); no flow during the last of February.

1909-1916: Maximum stage recorded, April 23, 1916; no flow in October,
November, and December, 1910, January, February, and December, 1911,
January and February, 1912, and February, 1916.

RecuraTioN.—Dam at Thief River Falls, at mouth of Thief River, backs up water
in Thief River for several miles, but gage is protected from influence of dam by
rapids below.

Accuracy.—Stage-discharge relation permanent except for the effect of ice during
winter. Rating curve well defined below 3,800 second-feet. Gage read to half
tenths twice daily. Daily discharge ascertained by applying mean daily gage
heights to rating table. Records good.

The large flow during September, 1916, was caused by the opening of ditches which
drain Thief Lake into the river.

Discharge measurements of Thief River near Thief River Falls, Minn., during the year
ending Sept. 30, 1916.

Dis- Gage | Di
Date. Made by— h(gi;%et. charge. Date. Made by— height. charsg‘e.
Feet. | Sec.ft. * Feet. | Sec.ft.
Dec. 216} D. C. McKay.......... 5.50 3.0 Apr. 29 | D. C. B%g]nigf .......... 13.42 3200
Y 140 1.0 || Aug. 5] E.F.C er.. .. ... 4.64 41
| 4.08 1:5 || Sept. 8{..... A0veennrnnnnnnnnnns 6.13 405
Apr. 23 |..... L6 T 14.5 | 4320

a Complete ice cover at control.
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Daily discharge, in second-feet, of Thief River near Thief River Falls, Minn, for the year

ending Sept. 30, 1916.

Day. Oct. |Nov.] Dec. | Jan. | Feb. | Mar. | Apr. | May. [ June. [ July. | Aug. | Sept.
43 55 23 412,500 424 189 50 110
44 55 17 4] 2,300 472 244 47 105
40 57 16 3 412,150 456 232 40 29
44 55 16 511,970 424 196 38 84
42 54 511, 379 175 42 70
39 55 1 711,530 350 143 40 232
36 58 91,370 322 122 38 364
34 60 14 15[ 1,290 308 120 42 364
37 61 1 13 | 1,060 295 99 56 379
42 62 12 815 295 97 76 440

2
55 66 24 675 282 87 63 640
56 57 12 130 572 269 84 48 675
&7 46 12 780 505 220 79 36 675
55 45 10 2,200 472 208 69 32 710
52 44 16 2,430 456 208 66 22 606
50 42 8 2,850 780 196 65 22 538
50 44 6 3,360 | 1,100 187 63 295 472
48 44 4 3,910 | 1,060 180 68 780 456
46 40 3 2] 3,960 955 166 69 885 440
45 37 3 3, 920 164 79 850 424
41 34 3 3,960 885 162 116 710 394
42 32 3 4,020 815 158 126 675 379
42 31 3 1 0 4,080 780 151 101 640 364
49 29 2 4,020 745 155 84 505 350
50 29 2 4,020 710 153 76 364 336
50 26 2 3,960 675 155 72 336 322
48 25 2 3, 800 675 153 69 244 308
48 23 2 3 3.580 640 151 62 178 295
49 22 3 3,470 572 151 57 169 282
50 22 3 3, 472 149 56 158 256
54 |....... 2 R PRI | S P 424 {....... 52 138 1.......

NotE.—Discharge, Nov. 12 to Apr. 17, estimated, because of ice, from discharge measurements, obser-
figures show mean discharge for periods indicated.

vers notes, and weather records.

TACH

Monthly discharge, in second-feet, of Thief River near Thief River Falls, Minn., for the
year ending Sept. 30, 1916.

Month. Maximum. | Minimum.| Mean. Month. Maximum. | Minimum. | Mean.
46 May........... 2,500 424 1,020
4 June.. 472 149 245
9 July.. 244 52 104
24 [i August.... . 885 22 246
o September..... 710 70 372
2,060 The year. 4,080 j..ounnennnn. 344

CLEARWATER RIVER AT RED LAKE FALLS, MINN,

Locarion.—In T. 151 N., R. 44 W., at Great Northern Railway bridge at Red Lake
Falls, Red Lake County, about 13 miles above the mouth, and 2 miles below the
nearest tributary, a stream coming in from the left.

DrAINAGE AREA.—1,310 square miles.

REecorps AvAILABLE.—June 18, 1909, to September 30, 1916.

Gace.—Combination vertical and inclined staff gage; installed September 12, 1911,
about half a mile downstream from original gage, as the building of a dam caused

several feet of backwater at the old section.

the original gage read 5.83 feet; read by Leo Steinert.
DISCHARGE MEASUREMENTS.—At medium and high stages made from Great Northern
- Railway bridge; at low stages by wading about 300 feet below gage.

New gage set to read 2.23 feet when
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CHANNEL AND cONTROL.—Bed composed of sand and gravel; smooth; two channels
at low stages, united at high stages. Banks high, wooded, and not subject to
overflow. Control nearly permanent.

EXTREMES OF DISCHARGE.—Maximuim discharge recorded during year, 3,990 second-
feet, April 15 and 16; minimum stage recorded, 2.25 feet, August 6 and 7 (dis-
charge, 78 second-feet); minimum discharge when river was frozen over, esti-
mated 50 second-feet, March 6-15.

1909-1916: Maximum discharge recorded, 3,990 second-feet, April 15 and 18,
1916; minimum discharge July 4, 1911, 20 second-feet.

Ice.—Stage-discharge relation seriously affected by ice.

RecuLation.—At low stages flow is affected by the Steinert dam 600 feet above gage.
The storage at this plant is small, and only a slight diurnal fluctuation is observed
at gage.

Accuracy.—Stage-discharge relation probably affected somewhat by scouring out of
channel duripg high water in April, so that determinations of low-water discharge
during following months may be too low; also affected by ice during winter.
Before the change in stage-discharge relation, rating curve was well defined be-
tween 53 and 1,165 second-feet and fairly well defined between 1,165 and 3,550
second-feet; for determination of discharge after high water in April, lower part
of curve probably not so accurate as the upper. Gage read fo half tenths twice
daily. Daily discharge ascertained by applying mean daily gage heights to
rating table. Records good for open-water periods October to May; fair June to
September and for winter period.

Discharge measurements of Clearwater River at Red Lake Falls, Minn., during the year
ending Sept. 80, 1916. )

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || D2te: Made by heiagit. charge.
Feet. | Secft
Oct. 23 Mar. 13a¢| D.C. McKay...........| 3.8 50
30 Apr. 21 |..... 0.\ vunrininnnnns 6.95 | 3,520

ec. 20a) ug. . F. ndler......... 3
D 20 A 1 | E. F. Chandl 2.61 71

Feb. 27q)

a Complete ice cover at control.
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Duaily discharge, in second-feet, of Clearwater River at Red Lake Falls, Minn., for the
year ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar, | Apr. | May. | June, | July. | Aug. | Sept.
110 120 53 120 12,170 | 1,250 | 1,520 142 120
101 131 53 131 1 2,080 | 1,250 | 1,610 120 101

93 142 53 70 60 142 | 1,980 | 1,250 | 1,610 101 101

85 142 53 167 | 1,880 | 1,340 | 1,610 101 110

85 142 58 167 | 1,790 | 1,250 | 1,430 85 120

8 | 120 167 | 1,610 | 1,160 | 1,250 78 120

8 | 120 212 | 1,520 | 1,160 | 1, 78 142
101 120 70 75 50 229 11,430 | 1, 930 93 142
101 120 80 307 | 1,250 895 762 101 131
101 120 400 | 1,250 860 700 110 120
120 101 1,610 | 1,250 795 529 142 101
120 101 2,460 | 1,160 730 502 142 101
120 110 85 50 | 2,460 | 1,120 700 131 120
120 101 3,660 { 1,080 730 450 120 120
120 85 3,990 | 1,160 670 425 101 131
142 85 90 3,090 {1,250 | 641 | 400 | 101 142
142 85 3,770 | 1,340 556 352 131 142
142 78 68 80 3,770 | 1,250 529 352 142 154
142 72 3,550 | 1,250 502 330 167 167
142 72 60 3,550 | 1,160 425 307 182 167
131 66 3,350 | 1,080 352 266 196 196
120 62 3,150 1,000 376 266 229 196
131 62 62 75 3, 050 968 400 248 196 167
142 62 2,950 930 425 229 182 167
142 53 2,950 895 450 212 167 167
142 53 80 72 | 2,850 895 502 196 142 154
142 53 70 85 | 2,550 | 1,790 450 182 142 142
142 62 70 85 | 2,550 | 1,880 476 167 142 142
131 53 101 | 2,360 | 1,790 | 1,000 167 131 120
120 s |10 f-e--e- 120 | 2,360 | 1,610 | 1,430 142 120 110
120 ... ) el 120 |....... 1,430 |....... 142 120 |.......

NotE.—Discharge Nov. 14 to Apr. 14 estimated, bécause of ice, from discharge measurements, observer’s
notes, and weather records. Braced figures show mean discharge periods indicated.

Monthly discharge, in second-feet, of Clearwater River at Red Lake Falls, Minn., for the
year ending Sept. 30, 1916. -

Month. Maximum. [Minimum.| Mecan. Month. Maximum. | Minimum. | Mean.
120 2,170 895 1,400
92 1,430 400 785
78 1,610 142 607
_ 68 2 78 133
67‘3 196 101 137
2,100 The year. 3,990 53 470

MOUSE RIVER AT MINOT, N. DAK.

LocarioNn.—At the Anne Street footbridge, northwest of Great Northern Railway
roundhouse, at Minot, in Ward County.

DRAINAGE AREA.—8,400 square miles:

RECORDS AVAILABLE.—May 5, 1903, to September 30, 1916.

Gage.—Vertical staff attached to pier nearest left bank of Anne Street footbridge;
read by Ephraim Cox. From 1903 to December, 1909, a vertical staff on old
footbridge 20 rods above present site. Both gages set at same datum.

DiscHARGE MEASUREMENTS.—Made from the Anne Street Bridge at medium and
high stages, or by wading below the dam at the Minneapolis, St. Paul & Sault
Ste. Marie Railway tank.

CHANNEL AND coNTROL.—Clay and silt, slightly shifting



HUDSON BAY DRATNAGE BASIN. 41

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 19.05 feet May
6-7 (discharge, 4,260 second-feet); minimum stage recorded, 3.50 feet February 5
and 11 (discharge, 0.5 second-foot).

1903-1916: Maximum stage recorded, 21.9 feet April 20, 1904 (discharge, 12,000
second-feet); minimum stage recorded, 1.8 feet February 28, 1913 (discharge,
0.1 second-foot). )

Ice.—Stage-discharge relation slightly affected by ice.

REGULATION.—A dam 4 feet high at the Minneapolis, St. Paul & Sault Ste. Marie
Railway tank, a mile below, raises water at the gage about 3 feet at ordinary low
stage. The dam being designed merely to give engugh depth of water for the
intake-pipe suction, has no sluices, but is not absolutely tight. When the dis-
charge is less than about 5 second-feet, the water level falls below the crest of dam.

Accuracy.—Stage-discharge relation not permanent; slightly affected by changes in
control and by ice. Rating curves, applicable October 1 to March 31 and April 1
to September 30, fairly well defined. Gage read to half-tenths once daily. Dis-
charge ascertained by applying daily gage heights to rating table.

Discharge measurements of Mouse River at Minot, N. Dok., during the year ending Sept.
30, 1916.

[Made by E. F. Chandler.]

Gage Dis-

Date. height. | charge.

Feet. Sec.-ft.

Apr, 27.. 16.76 | 2,390
Sept. 5. 4.59 22.8

Daily discharge, in second-feet, of Mouse River at Minot, N. Dak., for the year ending Sept.

30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
5.0 1.0 266 59 33
5.0 1.0 280 53 33
3.0 1.0 293 37 29
3.0 1.0 293 33 26
3.0 1.0 266 42 26
3.0 1.0 252 137 29
3.0 1.0 266 113 29
3.0 1.0} 293 102 29
3.0 1.0 . 320 102 26
1.5 1.0 293 74 26
1.5 1.0 293 59 26
1.5 1.0 280 59 23
15 1.0 280 59 23
1.5 1.0 266 59 23
1.5 10 239 53 26
15 1.0 187 53 26
1.2 1.0 187 59 26
1.2 1.0 . 187 59 26
1.2 1.0 174 53 29
1.2 10 174 53 29
1.2 .8 162 47 26
L2 -8 150 53 23
1.2 . 125 53 23
1.0 102 47 23
1.0 92 47 23
1.0 102 42 23
1.0 102 42 26
1.0 113 42
1.0 113 37 26
1.0 113 37 26
1.0 102 7 R
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Monthly discharge of Mouse River at Minot, N. Dak., for the year ending Sept. 80, 1916.

Discharge in second-feet.
ischarge in secon Run-off

Month. (totalin
Maximum. | Minimum. | Mean, | ¢Te-feet).

The Fear. ... iieiee e imaenanan 4,200 |............ 340 247,000

NotE.—Mean discharge for December, January, and February, determined from weekly gage heights,
and observer’s notes on ice conditions. Mean discharge for March ascertaimed from weekly gage-height
records, weather conditions, and flow of stream on April 1.

RAINY LAKE AT RANIER, MINN.

LocaTtioNn.—In sec. 30, T. 71 N, R. 23 W., at foot of Rainy Lake at Ranier, Koochich-
ing County.

RECORDS AVAILABLE.—January 1, 1910, to September 30, 1916.

GaGE.—Vertical staff gage at sawmill, about 500 feet above the Canadiah Nerthern
Railway bridge. From June 6 to August 5, 1916, records were read frem a tem-
porary staff gage below the Canadian Northern Railway bridge and about 100 feet
above the Ranier Ferry Dock. Prior to June 6, 1916, a vertical staff gage in con-
nection with a Haskel water-stage recorder on protecting crib above the Canadian
Northern Railway bridge. For further information regarding site and datum of
gages from which earlier records were obtained, see Water Supply Papers 325,
355, 385, and 405.

Elevations of zero of gages used during present year referred to what is known
as the Minnesota and Ontario datum were as follows:

Feet.
Gage used prior to June 5... ... ... ..oiil.l. 488. 00
Gage used June 5 to August 5........... .. .. ... e 494. 61
Gage used August 6 to September 30......._ ... ... ... ... 488. 00

Records have all been reduced to a gage whose zero is at 489. 00 feet, to cor-
respond to previously published records.

ExTREMEs OF sTAGE.—Maximum stage recorded during year, 10.99 feet June 10;
minimum stage recorded, 5. 60 feet April 11.

1910-1916: Maximum stage recorded, 10. 99 feet June 10, 1916; minimum stage
recorded, 0.85 foot March 22, 1911.

ReaeuraTioN.—The stage of Rainy Lake is controlled at the dam and power plant
of the Minnesota & Ontario Power Co., at International Falls, 2 miles below the
outlet of the lake, water being stored during periods of high run-off and drawn off
during periods of low run-off.

CoopreraTION.—Gage-height records furnished by Canadian Department of Public
Works.
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Daily gage hetght, in feet, of Rainy Lake at Ranier, Minn., for the year ending Sept.

30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
7.15| 8.05| 810 7.87 1 7.10| 6.05| 8.20(10.75|10.09 | 9.07 8.40
7.26( 810 810 7.8 7.05( 6.00( 821 (10.80( 9.95| 9.07 844
7.30 | 805| 814 7.8 | 7.00| 596 | 8.30|10.77| 9.90| 9.07 8.40
7.31 | 805] 810 7.8 | 6.97] 590 | 831 ]10.85| 9.83| 8.98 8.53
7.35| 815 812| 7.80| 6.95| 583 8.30(10.85| 9.76 | 9.04 8.55
7.35| 812 | 815| 7.82| 6.90 | 577 ] 831]10.96| 9.61 | 894 8.55

.............. 818 7.80 | 6.90| 573 875]110.91 | 9.76( 8.95 8.51
7.32| 810 810 7.75) 6.85| 570 | 877110.91| 9.59 ] 8.98 8. 50
7.65] 810 804( 7.70 | 6.80 | 590 880 |10.91| 9.58| 8.95 8. 50
7.58| 810 8.05| 7.70| 6.75| 575 | 885]10.99| 9.57| 8.75 8.48
754 810) 805| 7.65| 6.7t | 560 | 88710.96| 9.56| 8.8 8.44
7.45| 8.15| 802 7.65| 6.75]| 565 9.05110.91 | 9.49 | 8.85 8.44
7.621 810| 800 7.60| 6.71| 570 9.15]10.96 | 9.45( 8.81 8.41
7731 8101 8.00| 7.58| 6.67| 575] 9.10{10.91| 9.31| 876 8.36
7.731{ 810 790! 7.55| 6.65! 580 9.45/10.91 | 9.26 | 8.76 8.35
7.80| 810} 801! 7.53| 6.63| 590 9.60|10.89 | 9.28| 8.76 8.35
7.80 | 810| 7.95| 7.50| 6.61] 6.20| 9.75|10.83| 0.31| 878 8.35
7.82| 8.10| 7.93| 7.47| 6.53 | 6.50| 9.85|10.83| 9.21 | 8.74 8.35
7.81 |[....... 7.92| 7.43} 6.50| 6.70 | 9.95(10.75| 9.15| 8.70 8.33
7.80 1 810 7.95| 7.40| 6.48| 6.9010.20]10.71 | 9.21 | 8.66 8.40
7.85) 810 | 7.93| 7.37{ 6.42| 7.0410.30 | 10.66 | 9.15| 8.68 8.45
7.95| 810| 7.95| 7.34] 6.35( 7.10[10.45|10.57| 9.15| 8.68 8. 50
7.951 807| 7.97| 7.32)] 6.30! 7.35|10.45]10.52 | 9.11 | 8.60 8.55
8.00( 807 7.97| 7. 6.27 | 7.46 [10.75]10.45| 9.17| 8.62 8.57
8.00| 812| 7.97| 7.28| 6.25| 7.64|10.85}10.41 [ 9.18 | 8.58 8.56
8,00 815 7.95| 7.24| 6.30 | 7.78 (10.90 [ 10.40 | 9.21 | 8.58 8.57
800 8.13¢....... 7.20( 6.26( 7.90(11.00 | 10.39 | 9.06 { 8.58 8.56

....... 8.18 | 7.93| 7.15| 6.22| 8.05|10.37 | 10.29 | 9.05| 8.49 8.55
800 815| 7.92} 7.10| 6.18 | 8.08|10.43 | 10.25| 8.95| 8.48 8.57
8051 813 |cecuefenannns 6.15| 8.27 [10.15|10.11 | 9.01 | 8.50 8.56

....... 810 7.95 | ......| 6.10 |-......|10.70 |.......] 9.10| 8.45| ......

NotE.—Gage heights referred to the same gage datum as those previously published in water-supply
papers containing records for this drainage basin.

.

RAINY RIVER AT INTERNATIONAL FALLS, MINN.

LocarioN.—In sec. 34, T. 71 N., R. 24 W., at dam and power house of the Minnesota
& Ontario Power Co.

DRAINAGE AREA.—14,600 square miles.

RecorDs AvAILABLE.—March 1, 1907, to September 30, 1916.

DiscEaArRGE.—Determined by Canadian Department of Public Works from power-
house records.

EXTREMES OF DISCHARGE.—Maximum mean daily discharge recorded during year,
37,300 second-feet June 7; minimum mean daily discharge, 4,420 second-feet
December 26. .

1907-1916: Maximum mean daily discharge recorded 37,300 second-feet,
June 7, 1916; minimum discharge recorded 431 second-feet, April 21, 1909.

WINTER FLOW.—Determined from power-house records.

Recuration.—Except during periods of high discharge, the flow is completely
regulated at the dam and power plant of the Minnesota & Ontario Power Co.
The plant is run on a 24-hour basis, so that, except on Sunday, the flow is fairly
uniform; it is in fact much more uniform than the natural flow, use being made
of the storage capacity of Rainy Lake, which has an area of approximately 344
square miles.

CooreraTION. —Estimates of flow through the power house and results of discharge
measurements furnished by the Canadian Department of Public Works.
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Discharge measurements of Rainy River at International Falls, Minn., during the year
ending Sept. 30, 1916.

[Made by R. F. Smallian.]

Date.

Dis-
charge.

Date.

Note.—Measurements made by Department of Public Works, Canada.

Daily discharge, in second-feet, of Rainy River at International Falls, Minn., for the year
ending Sept. 30 1916.

Day Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June | July | Aug. | Sept.
6,280 | 8,310 | 9,390 [ 9,210 | 9,910 | 9,940 | 14,200 (33,300 (32,800 {12,000 | 11,700
7,310 | 8,470 | 8,030 | 9,240 | 9,880 | 8,540 | 16,700 [34,700 |33°100 (12,100 | 10900
7,620 | 9,110 | 7,700 | 9,000 {10,400 | 9,800 | 17,300 [35,500 {33,700 {12,100 | 10,200
8,040 | 9,110 | 9140 | 9,170 {10,700 [10,700 | 17,500 {36,300 {32,200 {12,700 | 8,000
7,350 | 6,130 | 9,370 | 9,030 | 8,740 (10,700 | 18,800 (36,800 33,580 (12,700 | 10,000
7,340 | 6,940 | 9,320 | 7,650 | 7,870 [10,700 | 19,800 37,300 (31,800 [12,400 | 11,700
5,370 | 9,230 | 9,250 | 7,570 {10,100 (10,700 | 20,000 (37,300 30,700 (11,600 | 11,400
6,010 | 9,190 | 8,780 | 9'160 | 9,860 [10,700 | 19,300 (36,800 [30,500 (12,000 | 11,400
7,440 | 9,390 | 7,780 | 9,240 | 9, 7, 21,200 [36,800 |29,500 12,000 | 11,400
7,430 (10,000 | 8,140 | 9,150 | 9,840 | 7,980 | 21,500 {36,900 (28,600 {11,900 | 11,100
7,370 | 9,810 (10,100 | 9,130 | 9,150 (10,500 | 21,500 (37,300 27,600 }12,200 | 9,720
7,370 | 7,440 (10,100 | 9,140 | 8,860 [10,400 | 22,400 (36,500 27,000 {13,600 | 10,600
7,380 | 8,100 | 9,440 | 7,850 | 8,110 (10,600 | 23,700 {36,700 26,900 |13,100 | 10,700
5,080 | 9,940 | 9,250 | 8,140 | 9,900 (10,500 | 23,800 [36,700 {26,300 13,300 | 11,000
6,110 | 9,970 1 9,280 | 9,920 | 9,840 | 9,900 | 22,600 36,700 [25,900 114,000 | 11,100
6,540 | 9,930 | 7,610 | 9,930 | 9,840 | 8,220 | 22,900 (36,900 |24,600 [14,000 | 11,100
6,770 | 9,410 | 8,230 | 9,950 {10,200 | 6,360 | 23,000 36,700 (24,100 {14,000 | 10,200
7,420 | 9,780 (10,100 (10,500 10,300 | 6,620 | 23,000 [36,400 [22,700 {14,000 | 10,400
7,400 | 7,700 | 9,800 (10,300 | 8,870 | 6,220 | 23,100 |36,300 21,200 (13,900 | 10,600
6,330 | 8,110 | 9,060 | 8,240 | 8,500 | 6,420 | 24,200 (36,100 [207500 |12,700 | 6,520
5,280 {10,000 | 8,600 | 8,310 | 9,900 | 6,640 | 24,900 [36,100 |19,300 13,500 | 6,300
6,190 | 9,470 | 8,500 (10,000 | 9,930 | &,190 | 26,100 (36,200 18,100 |14,000 | 10,300
7,430 | 9860 | 7,510 | 9,940 | 9,920 | 8,320 | 27,200 [35,800 17,600 (12700 | 12)300
7,440 (10,100 | 7,490 | 9,950 | 97890 | 8,300 | 27,200 [35,400 [17,400 (11,400 | 11}600
7,510 | 6,420 | 9, 9,970 | 9,920 | 9,860 | 28,200 (35,500 {16,100 (11,300 | 11,200
7,400 | 4,420 | 9,250 | 9,940 | 9,110 10,200 | 29,000 [35,100 {16,500 (12,200 | 11,600
7,480 | 7,570 | 9,130%| 8,970 | 8,160 |10,800 { 29,600 (34,900 (16,900 | 9,990 | 11,300
5,790 | 9,350 | 9,240 | 8,350 10,100 {11,700 | 31,000 (34,900 16,200 [11,000 | 11,400
6,670 | 9,350 | 9,250 | 9,920 (10,700 (13,200 | 31,900 (34,800 (15,400 {12,100 | 11,700
8,300 | 9,720 | 7,880 |.. ... .110,100 {12,200 | 32,100 (34,800 [16,000 (12,100 | 12,500
....... 7000 | 7,560 |...--..| 9,940 |.. .._.| 32,900 |.......[12]900 |12,200 |......

Monthly discharge in second-feet, of Rainy River at International Falls, Minn., for the
year ending Sept. 80, 1916.

Month. Maximum. | Minimum. | Mean. Month. Maximum.| Minimum.| Mean.
October......... 8,530 5,170 6,980 || May....euenn... 32,900 14, 200 23,800
November. . ... 8,300 5,080 6,920 || June........... 37,300 33,300 36,000

10,100 4,420 8,780 || July........o... 33,700 12, 900 24,100
10,100 7,490 8,830 {| August......... 14,000 9,990 12,600
10, 500 7,570 9,200 || September. .... 12, 500 6,300 10,700
10, 700 7,870 9,620

13,200 > 220 9,400 The year.. 37,300 4,420 13,900
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EKAWISHIWI RIVER NEAR WINTON, MINN.

Locarion.—In sec. 20, T. 62 N., R. 11 W., in a pond above the lower dam of the
St. Croix Lumber Co., at Kawishiwi Falls, 500 feet above Fall Lake, 3,000 feet
below Garden Lake, near the western line of Lake County, 23 miles east of Win-
ton, St. Louis County.

DRAINAGE AREA.—1, 200 square miles.

RECORDS AVAILABLE.—June 21, 1905, to June 30, 1907, and October 14, 1912, to
September 30, 1916.

Gaer.—Stevens water-stage recorder installed the last part of September, 1912, by
the International Joint Commission, in cooperation with the United States
Geological Survey, at a point just above right end of dam; well was attached to
timbers which were bolted to the vertical rock wall of right bank of river. Staff
gage used as a control of the recording gage was also attached to one of these tim-
bers. The gage shelter was supported by timbers bolted to the horizontal part of
the rock wall above all possible high water. On May 27, 1913, the Stevens was
replaced by a Friez water-stage recorder. During the high water of June, 1914,

- well, float, and weight were carried away by logs. At this time a concrete well
was installed by the International Joint Commission just below the dam and out-
gide the river channel, and connected with the pool above the dam by a pipe
through the dam. The gage was repaired and again put in operation about July
1, 1914. The original gage datum was maintained. The pipe connecting the
gage well with the river was burst by freezing in the fall of 1915, and in the spring
of 1916 the high water came on so suddenly that it was impossible to make the
necessary repairs until the last part of June. Gage inspected by F. W. Byshe.

DiscHARGE MEASUREMENTS.—Made from cable about 1, 000 feet above gage.

CHANNEL AND CONTROL.—At the gage a small deep pool is formed by a timber dam
without openings, which constitutes the control and is permanent unless the dam
is destroyed or alterations are made in the crest. About 200 feet above the dam
is an abrupt fall. Banks are not subject to overflow in vicinity of gage. Bed of
stream at measuring section is rock and boulders; rough; current swift except at
low stages.

ExXTREMES OF DISCHARGE.—Maximum stage recorded during year, 7. 2 feet April 30
and May 7 (discharge, 5, 370 second-feet); minimum discharge recorded, 80 second-
feet on October 1, 2, and 3.

1905-1907, and 1912-1916: Maximum stage recorded, 7.2 feet April 30 and
May 7, 1916 (discharge, 5, 370 second-feet); no flow August 24, 25, 30, and 31 and
September 1, 1915; and August 6, 8, 1906, and April 23, 24, and 26, 1907.

Ice.—Stage discharge relation not seriously affected by ice; open-channel rating curve
assumed applicable. The operation of the water-stage recorder is affected by
ice, and the flow from December to March, which is very constant during this
part of the year, is determined from one reading of the staff gage weekly.

RecurATioN.—The St. Croix Lumber Co. has a dam-at the outlet of Garden Lake for
controlling the level of water in that lake and for storing water to be used in driv-
ing logs over the stretch of rapids between Garden and Fall lakes. This dam is
capable of holding the water in Garden Lake about 7 or 8 feet above its natural
level at low water before water will flow over the gates. When the water in
Garden Lake is held at a high stage, the elevation of water is considerably higher
in Farm Lake, and it is understood that the elevation of the surface of White Iron
Lake is somewhat affected by the stage of Garden Lake. During the log-driving
seagson, April to November, the water in Garden Lake is held to the elevation of
the top of the gates practically all the time. In November some of the gates are
opened so that the lake is drawn down to low-water stage and remains so until
spring. The St. Croix Lumber Co. has a dam at the outlet of Birch Lake which
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controls its elevation and is capable of holding the water about 5 feet above low
water. This dam is left open during the winter and until the high water of the
spring breakup has passed. Ttisthen closed, and the lake held as high as possible
during the summer. There are a number of low dams in Stony River used for
sluicing logs off rapids, but these have no storage of importance back of them.
Large volumes of water are allowed to pass through the sluices of the dam at the
outlet of Garden Lake, for a few hours at a timé at regular intervals, when logs
are to be driven from Garden Lake to Fall Lake. At other times gates are closed
so that there is only a slight flow caused by leakage thorugh the dam, or some of
the gates may be partly opened so that water may pass, through and not flow over
the crest of the dam.

Accuracy.—Stage-discharge relation permanent, not affected by ice during winter.

Rating curve well defined below 3,290 second-feet; above 3,290 second-feet
rating curve was based on a weir formula in which the constant was determined
from the rating curve below 3, 290 second-feet. Operation of water-stage recorder
satisfactory October 1 to November 13, and June 26 to September 30; discharge
ascertained by use of discharge integrator; results good. Discharge, November
14 to June 25, ascertained from reading of staff gage to quarter tenths once a
week, and observer’s notes on artificial regulation. Flow very constant, Novem-
ber 14 to February 29; no artificial regulation; results therefore good. During
March and April the flow was irregular, and there was some artificial regulation;
results are therefore only roughly approximate for these months. During May
and June the stage was continuously high, and there was very little regulation;
results fair.

N% discharge measurements made at this station during the year.

Daily discharge, in second-feet, of Kawishiuwi River near Winton, Minn., for the year

ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar, | Apr. | May. | June. | July. | Aug. | Sept.

2,460 204 870

2,440 120 | 1,060

2,200 820 | 1,000

1,720 325 ( 1,010

1,710 | 229 | 1,460

1,960 460 | 1,280

1,240 864 | 1,240

, 960 681 | 1,400

1,000 750 | 1,530

1,240 203 | 1,290

1,080 182 | 1,360

1,140 190 [ 1,790

2,140 918 1,260

1,410 624 | 1,520

270 | 1,690

7451 515 395 330 | 2,130 | 3,920 378 654 | 1,200

»

0 483 | 1,060

8 586 | 1,220

412 586 | 1,040

368 628 | 1,060

699 80 | 1,240

142 790 | 1,520

113 670 809

260 746 805

260 785 811

2,400 830 590 [ 1,340
2,390 135 408

2, 540 149 335 808

2,280 155 802 810

2,480 165 952 85

....... 247 590 |ooaeennn




HUDSON BAY DRAINAGE BASIN. 47

Monthly discharge, in second-feet, of Kawishiwi River near Winton, Minn., for the year
ending Sept. 30, 1916.

Month. Maximum. | Minimum. | Mean. Month. Maximum.| Minimum. | Mean.
October........ 1,960 80 1,010 || May............ 5,870 [ cceeecnannn 3,920
. 1,310 || June . 2,540 2,140 2,190
745 | July..... .. 2, 113 925
515 || August... . 952 120 547
3;2(5) September. .... 1,790 800 1,170
2,130 The year. 5,370 80 1,260

VERMILION RIVER BELOW VERMILION LAKE, NEAR TOWER, MINN.

Location.—Insec. 2, T. 63 N., R. 17 W., in St. Louis County, about 100 yards below
dam at outlet of Vermilion Lake, 4 miles above Twomile Creek, which enters
from the west, and 18 miles across Vermilion Lake from Tower.

DRAINAGE AREA.—507 square miles.

RECORDS AVAILABLE.—May 17, 1911, to September 30, 1916.

Gacr.—Vertical staff gage attached to tree at the leit bank; read by Mrs. A. E.
Shively.

DISCHARGE MEASUREMENT8.—From 1911-1913 made from a cable just below gage;
from 1914 to 1916 made from a boat about a mile below gage.

CHANNEL AND CONTROL.—Bed composed of solid rock and large boulders. Heavy
falls a short distance below the gage form permanent control; banks are not over-
flowed to any considerable extent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 3.8 feet April 29
to May 7 (discharge, 2,050 second-feet); minimum stage recorded, 0.85 foot March
30 to April 30 (discharge, 158 second-feet).

1911-1916: Maximum stage recorded, 3.8 feet April 29 to May 7, 1916 (discharge,
2,050 second-feet); minimum stage recorded, 0.22 foot October 1 and 2, 1914
(discharge, 60 second-feet).

Ice.—Stage-discharge relation not affected by ice, owing to the heavy fall at control
and to the proximity to Vermilion Lake.

RecurLaTiON.—At the outlet of Vermilion Lake, a few hundred feet above gage, is a
loose rock dam, which is used to raise the water surface of the lake for aid in navi-
gation. This dam has no gates but was repaired on July 19, 1912, thus for a period
reducing the flow below normal. From April 28 to May 10, 1914, parts of the dam
were removed, and for some time subsequent the flow exceeded normal.

Accuracy.—Stage-discharge relation permanent, except for a slight effect of ice Jan-
uary 11 to 16. Rating curve well defined; the lower part of the rating curve is
probably not quite so accurate as the higher because the section at which the low-
water measurements were made is rough. Gage read to quartetr tenths daily;
fluctuations in stage so gradual that good results are obtained from one reading a
day. Daily discharge ascertained by applying the daily gage heights to rating
table. Records range from good to excellent, the accuracy probably increasing
with the stage.

Discharge measurements of Vermilion River below Vermilion Lake, Minn., during the
year ending Sept. 30, 1916.

[Made by S. B. Soulé.]

Ga,
Date. height.
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Daily discharge, in second-feet, of Vermilion River below Vermilion Lake, Minn., for
the year ending Sept. 80, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. [ May. { June. { July. | Aug. | Sept.
| 139 208 244 208 208 183 158 | 2,050 | 1,360 845 618 257
2 il 139 198 244 208 208 183 158 | 2,050 | 1,360 845 618 244
. R 139 198 244 208 208 183 158 { 2,050 | 1,360 845 618 244
[ 152 187 244 208 208 183 163 { 2,050 | 1,360 845 594 257
| T 171 187 | 231 208 | 208 183 163 | 2,050 | 1,360 845 569 257

183 183 231 208 208 177 167 | 1, 5! 1,160 783 569 397
183 183 231 208 208 177 177 | 1,930 | 1,070 783 569 437
187 187 231 208 208 177 187 | 1,810 783 546 458
187 187 231 208 208 171 198 | 1,580 990 783 523 458
187 187 231 208 208 171 208 | 1,810 990 783 523 458
187 198 231 208 208 171 220 | 1,690 915 783 523 479
187 208 231 208 208 171 231 | 1,690 915 783 523 479
187 208 231 208 208 171 257 1 1,690 915 754 501 437
187 208 231 208 208 171 358 | 1,580 845 754 479 437
187 208 231 208 208 171 479 | 1,580 845 754 479 437
198 208 231 208 208 171 594 | 1, 845 725 458 437
198 208 231 208 208 167 698 | 1,580 845 725 458 437
208 208 220 208 208 167 845 | 1,580 845 725 437 437
208 208 220 208 208 167 990 | 1,580 845 725 437 437
208 231 220 208 208 167 | 1,160 | 1,580 845 725 417 437
208 231 220 208 187 167 | 1,260 | 1,580 845 725 417 437
208 231 220 208 187 163 | 1,360 | 1,580 845 725 397 397
208 231 208 208 187 163 | 1,470 | 1,580 845 698 397 437
208 231 208 208 187 163 {1,580 | 1,5 845 698 397 397
208 231 208 208 183 163 | 1,690 | 1,470 845 670 358 397
208 244 208 208 183 163 | 1,930 | 1,470 845 670 321 397
208 244 208 208 183 163 | 2,050 | 1,470 845 670 321 397
208 244 208 208 |.ennn-- 158 | 2,050 | 1,470 845 644 304 397
198 |....... 208 208 |..on.nn 158 |....... 1,470 |....... 644 287 |.aennen

Note.—Discharge, Jan. 11-16, interpolated because of backwater from ice at gage.

Monihly discharge of Vermilion River below Vermilion Lake, Minn., for the year ending
Sept. 80, 1916.

[Drainage area, 507 square miles.]

Di i g .
ischarge in second-feet Run-off
_(degth in
Month. Por lgc 105 On
Maximum. | Minimum. | Mean. squaro w.ge
139 189 0.373 0.43
244 183 208 .410 46
244 208 226 . 446 51
208 208 208 .410 .47
208 183 203 . .
183 158 171 .337 39
2, 050 158 710 1.40 1.56
2,050 1,470 1, 700 3.36 3.87
1,360 5 1,000 1.97 2.20
644 752 1.48 1.71
618 287 477 .941 1.08
479 244 395 779 .87
2,050 139 520 1.03 13.98
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LITTLE FORK RIVER AT LITTLE FORK, MINN.

LocaTion.—In sec. 9, T. 68 N., R. 25 W., at the lower of the two highway bridges
at Little Fork, Koochiching County, about 1} miles above mouth of Beaver
Brook and 2} miles above Big Fork & International Falls Railway bridge.

DRAINAGE AREA.—L1,720 square miles.

RECORDS AVAILABLE.—June 23, 1909, to September 30, 1916.

Gage.—Vertical staff gage attached to piling supporting the bridge on downstream
side, left end; read by G. H. French. During April and May, 1916, temporary
staff gages were installed on right bank at the same section; readings from the
temporary gages have been reduced to same datum as permanent gage.

DiscEARGE MEASUREMENTS.—Made from the bridge at medium and high stages;
at low stages made by wading a short distance above the bridge.

CHANNEL AND CONTROL.—Bed composed of sand, gravel and boulders. Banks
high and not subject to overflow. Control permanent up to the summer of 1915,
but during the high water in June of that year there was a decided shift.

EXTREMES OF DISCHARGE.—Maximum stage during year, 37.0 feet at 2 p. m. April 18,
as determined by leveling from peg driven by observer at crest of flood (discharge
determined from study of mean velocities and area curves, and discharge data,
including discharge measurement the following day, 19,300 second-feet); mini-
mum discharge, 74 second-feet, March 16.

1909-1916: Maximum stage recorded, 37.0 feet April 18, 1916 (discharge, 19,300
second feet); minimum stage recorded, 4.40 feet September 5, 1910 (discharge
about 40 second-feet).

Ioe.—Stage-discharge relation seriously affected by ice.

Acouracy.—Stage-discharge relation changed during the high water in June, 1915.
There was also a period of temporary backwater from an unknown cause during
July, 1916, as indicated by discharge measurements made July 19. The back-
water from ice effect was continued later into the spring of 1916 by a log jam
which was formed during the spring break-up and continued nearly through
April. Rating curve used October 1, 1914, to June 18, 1915, well defined
throughout. Rating curve used June 19, 1915, to September 30, 1916, fairly well
defined below 5,670 second-feet and poorly defined above that point. Gage
read to quarter tenths twice daily. Daily discharge ascertained by applying
mean daily gage heights to rating table except for period when stage-discharge
relation wag affected by ice for which it was ascertained by applying to rating
table mean daily gage heights corrected for ice effect by means of discharge
meagurements, observer’s notes, and weather records. Records prior to June,
1915, good; after that date fair.

Discharge measurements of Little Fork River at Little Fork, Minn., during the year ending
Sept. 80, 1916.

Gage Dis- _ Gage | Dis-
Date. Made by— height. | charge. | D2t Made by height. | charge.
Feet. | Sec.ft. Feet. | Sec.ft.
Nov. 12 | S.B.Soulé............. 9.50 1,350 || May & 16.30 5,180
Dec. 21a| E. L. Williams.. .| 7.57 182 || July 19 7.28 386
Jan. 25a| 8. B. Soulé 6.88 102 19 7.24 365
Mar, ldgf..... do... 6.90 78 || Sept. 8 10.13 1,780
Apr. 195..... do... 31.33 | 17,400 8 10.16 | 1,810

a Ice at control. b Log jam below gage.
6342°—18—wsp 435——4
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Daily discharge, in second-feet, of Little Fork River at Little Fork, Minn., for the years
ending Sept. 80, 1915 and 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

1914-15.

395 513 482 59 86 182 121 | 1,030 | 1,540 | 7,420 | 1,000 187

612 452 69 98| 1,110 | 1540 | 9,580 | 896 | 233 | 187
612 | 452 67 104 | 1,110 | 1,460 | 9,840 | 860 | 281 210
578 | 452 | 66 104 [ 1,070 | 1460 | 9,020 | 1,000 | 281 | 233

1,040 | 1,560 | 222 | 106| 106 78 | 3,520 | 3,

1,560 [ 210 106 | 106 80| 7, 3,020 [ 2,970 | 62011, 1,520
932 11,560 | 198 98| 113 74 111,200 | 3,680 | 3,080 | 518 722 1,840

1,560 | 198 98| 113 80 13,000 | 5,530 | 3,080 { 485 | 5181 1,940
790 | 1,560 | 198 98 | 113 80 119,300 | 5,880 | 2,970 | 4551 455| 1,84
756 | 1, 187 106 | 113 80 17,400 | 5,880 | 2,860 | 395 | 425 1,640
790 | 1,520 | 187 | 106| 113 86 16,000 | 5,460 | 2,920 | 335 | 455 | 1,480
801,440 | 183 | 13| 122 92 (15,000 | 4,970 | 2,920 | 365 | 552 | 1,400
860 | 1,360 | 167 | 113 | 122 92 114,100 | 4,460 | 2,920 | 365 | 654 | 1,320
824 | 1,2 167 | 13| 122 92 13,700 | 4,580 | 2,970 | 365 | 860 | 1,240

586 (1080 139| 92| 113| 130{9,500 | 4,160 | 3,360 | =281 | '932| 84
518 | 'g68 | 130| o8 |....... 139 | 8,460 | 3,860 | 3,300 | 335 | 790| 824
518 |....... 139 e2 il 187 ... 3,860

. Norte.—Discharge Dec. 6, 1914, to Apr. 12, 1915, and Nov. 15, 1915, to A%. 29, 1916, estimated because of
ice, and near the end of the later period, because of a log jam, from discharge measurements, observer’s
notes, and weather records. Discharge July 1-25, 1916, estimated because of backwater from some un-
known cause as indicated by discharge measurement of July 19, Discharge, June 4, 19186, interpolated.
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Monthly discharge of Little Fork River at Little Fork, Minn., for the years ending Sept.
30, 1915 and 1916.

| {Drainage area, 1,720 square miles.j
Disch: i -feet.

ischarge in second-foet. Run-off

(depth in

Month. Per inches on

Maximum. | Minimum. | Mean. | square d;gl;ajge

mile. .
1914-15.
L8 74] 1 U S 647 315 509 0.296 0.34
November. ..ot iieaaiiteanas 578 423 478 .278 31
December. . ... 482 66 230 .134 15
January... 86 58 77 .045 05
February. 171 81 108 . 063 07
March... 204 130 .076 09
121 850 .494 55
1,030 2,350 1.37 1.58
1,540 5,040 2.93 3
8 1,670 .973 1.12
222 407 .237 27
98 170 .099 11
58 1,000 581 7.91
1915-16.

1,160 233 735 0.427 0.49
1,560 1,100 .640 .7
860 139 336 .195 .22
139 92 112 065 08
122 92 110 064 07
187 74 95 055 06
19, 300 187 7,310 4.25 4.7
f 3,020 4,650 2.70 3.11
3,980 2,860 3,270 1.90 2.12
3,410 281 1,080 628 72
1,560 307 791 . 460 .53
1,940 518 1,220 .709 .79
19,300 T4 1,730 1.01 13.64

UPPER MIASSISSIPPI RIVER BASIN.

MISSISSIPPI RIVER AT ELK RIVER, MINN.

Location.—In sec. 3, T. 121 N., R. 23 W,, at highway bridge in town of Elk River,
about 2,500 feet below the mouth of Elk River, in Sherburne County.

DRAINAGE AREA.—14,500 square miles.

RECORDS AVAILABLE.—July 22, 1915, to September 30, 1916.

Gaee.—Chain gage bolted to the handrail of bridge, downstream side, near right bank;
read by W. H. Ebner.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND coNTROL.—Bed composed of sand and gravel; control not well de-
fined. Banks high and not subject to overflow. )

EXTREMES OF DISCHARGE.—Maximum stage recorded during year 14.8 feet at 8.25
p. m. April 8; this stage followed a moving log and ice jam which produced sev-
eral feet of backwater; corresponding discharge unknown; maximum stage under
conditions of unobstructed channel, 10.8 feet on April 7 (discharge, 27,000 second-
feet); minimum stage recorded, 4.2 feet October 2 and 3, and December 3 and 4
(discharge, 5,200 second-feet); absolute minimum discharge undoubtedly occur-
red during winter and was probably not far from 3,500 second-feet.

1915-16: Maximum stage recorded under unobstructed channel conditions,
10.8 feet April 7, 1916 (discharge, 27,000 second-feet); minimum stage recorded,
4.0 feet August 21, and 27-31, and September 9, 11-13, 23, and 27, 1915 (discharge,
4,620 second-feet); absolute minimum undoubtedly occurred during winter of
1915-16, and was probably not far from 3,500 second-feet.
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Ioe.—Stage-discharge relation seriously affected by ice; discharge estimated from dis-
charge at Coon Rapids Power Plant, computed by the Minneapolis General Elec-
tric Co., allowance being made for the discharge of the Crow and Rum rivers,
entering between Coon Rapids and the station.

REeauLaTIOoN.—Nearest dam above station on the Mississippi is at St. Cloud, 40 miles
upstream. An observed systematic diurnal fluctuation at the gage of about 0.1
foot is doubtless due to the regulation at St. Cloud; but most of the effect of regu-
lation is equalized before reaching the station. The flow of the river is controlled
by Government dams on the upper river to increase the low-water open-season
flow in the interests of navigation.

Accuracy.—Stage-discharge relation permanent except as affected by ice during
winter. Rating curve well defined between 4,620 and 12,400 second-feet and
fairly well defined between 12,700 and 26,300 second-feet. Gage read to quarter
tenths twice daily. Daily discharge ascertained by applying mean daily gage
heights to rating table. Records good at medium and low stages and fair at high
stages.

CooreraTION.—Records of discharge at Coon Rapids Power Plant, from which winter
discharge is determined, furnished by the Minneapolis General Electric Co.

Discharge measurements of Mississippt River at Elk River, Minn., during the year
ending Sept. 30, 1916.

Gage Dis- Gage | Dis-
Date. Made by— heiglt. charge. || Date- Made by— height. | chatge.
Feet. | Sec.-ft. . Feet | Sec.-ft.
Oct. 20 | 8. B. Soulé.......... .ea|  5.09 7,800 | May 19 | Soulé and Williams.....| 8.30 | 19,200
Apr. 8 thillls,ms and Chris- | 10.60 | 25,300 || Aug. 14 | 8. B. Soulé............. 4.89 7,250
anson.
18 | Soul¢ and Williams....; 9.59 | 21,900 || Sept. 21 | Soulé and Kilgore...... 6.11 | 11,200

Daily discharge, in second-feet, of Mississippi River at Elk River, Minn., for the period
July 22, 1915, to Sept. 30, 1916.

Day. July. | Aug. | Sept. Day. July. |Aug. | Sept. Day. July. | Aug. | Sept.

LY
4,620
4,620
4,620
4,910
5,200
5,200
4,910
4,910

5,500
4,910
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Daily discharge, in second-feet, of Mississippi River at Elk River, Minn., for the period
July 22, 1915, to Sept. 30, 1916—Continued.

Day.

Oct.

Nov.

Dec. | Jan.

Feb.

Mar.

Apr.

May.

June.

July.

1915-16.

82588

88 8385

EE]
DD DDRNADN DNNDD

-3
=3
1=

888 28888

et

8% &8

o

4,150

3,500

3,800

Note.—Discharge, Dec. 13 to Apr. 3, estimated, because ofice, by comparison with records of discharge
at Coon Rapids Power Plant, furnished by the Minneapolis General Electric Co., allowance being made

for the disc:

rge of Crow and Rum rivers, which enter between Coon Rapids and the station.

Monthly discharge of Maississippt River at Elk River, Minn., for the period July 22,
1915, to Sept. 30, 1916.

[Drainage area, 14,500 square miles.]

Discharge in second-feet. Run-off
(depth in
Month. Per | inches on
Maximum. | Minimum. | Mean. | square d;:;vp.mage
mile. ea).

11,100 0.765 0.28

5,850 -403 -1

4,840 .334 .37

7,730 .533 .61

7,060 . 528 .59

5,180 1357 41

4150 -286 .33

3,500 ‘241 .26

3,800 1262 .30

23,6001 1.63 1.82

19, 500 1.34 1.54

12,900 1890 .99

13,200 -910 1.05

8,210 . 566 .65

9,800 |676 75

9,920 .684 9.30
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MISSISSIPPI RIVER AT ST. PAUL, MINN.

LocarioN.—At the Chicago Great Western Railway bridge near the foot of Robert
Street, St. Paul, 6 miles below mouth of Minnesota River, in Ramsey County.

DRAINAGE AREA.—35,700 square miles. .

REecorDs AvamABLE.—March 1, 1892, to September 30, 1916. Observations of stage
begun in 1873 by TUnited States Signal Service and continued by United States
Weather Bureau. Many discharge measurements made prior to 1900 by the
United States Engineer Corps. :

Gaee.—Chain gage installed May 9, 1913, on the handrail, downstream side, of Chi-
cago Great Western Railway bridge, near the foot of Robert Street; read by the
United States Weather Bureau. From 1911 to May 9, 1913, gage was a vertical
staff gage attached to a piling on left bank of river, about 800 feet upstream from
the present gage. Prior to 1911 a vertical staff gage on the Diamond Joe Line
wharf, at the foot of Jackson Street, 400 feet below the chain gage, was used.
The datum of all three gages is the same, allowance being made for the slight slope
in the river between them.

DISCHARGE MEASUREMENTS.—Up to 1915 made from the Chicago, St. Paul, Minne-
apolis & Omaha Railway bridge 2 miles above station; in November, 1915, and
April, 1916, measurements were made from the Chicago Great Western Railway
bridge to which the gage is attached. In June, 1916, measurement was made from
the Wabasha Street highway bridge, about 1,000 feet above the station.

CHANNEL AND cONTROL.—Bed somewhat shifting. Control not well defined, banks
moderately high; have not been overflowed in recent years.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 16.6 feet April 9
(discharge, 73,500 second-feet); minimum open-water stage recorded, 2.1 feet
December 19, 1915 (discharge, 6,450 second-feet); absolute minimum undoubtedly
occurred when river was frozen over and was somewhat lower.

1892-1916: Maximum stage recorded, 18.0 feet April 6, 1897 (discharge, 80,800
second-feet); highest known discharge, 117,000 second-feet, occurred July 22,
1867; minimum stage recorded, 0.9 foot March 22, 1896 (discharge, 1,420 second-
feet).

Ice.—Stage-discharge relation seriously affected by ice; monthly mean flow ascer-
tained from records obtained by United States Engineers Corps at Lock and Dam

No. 2, below Minnneapolis, allowance being made for the flow of the Minnesota
River. -

RecuraTiON.—During extremely low water regulation of the flow through the turbine
at the nearest dam in Minneapolis may cause diurnal fluctuation of stage at St.
Paul. Flow is regulated by Government reservoirs on the headwaters at Lake
Winnebigoshish, Leach Lake, Pokegama Lake, Sandy Lake, Pine River, and
Gull Lake, to increase the low-water open-season flow in the interests of naviga-
tion, but the effect of this regulation is very gradual at St. Paul.

Accuracy.—Stage-discharge relation fairly permanent, except as affected by ice
during winter. Rating curve well defined throughout. Gage read once daily
to tenths at medium and low stages. This perhaps does not represent the mean
daily stage accurately on account of the artificial regulation at power plants in
Minneapolis, but occasional additional readings indicate that the error is not
large. Daily discharge ascertained by applying the daily gage heights to rating
table. Records fair to good, accuracy probably increasing with the stage.

CooPERATION.—Gage-height record furnished by United States Weather Bureau.
Data upon which mean monthly flow during winter periods have been based,
furnished by United States Engineers Corps.
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Discharge measurements of Mississippt River at St. Paul, Minn., during the year ending
Sept. 30, 1916.

Gage Dis-
Date. Made by— height. | charge.
Feet. Sec.ft.
Nov. 4...| Soulé and Williams. . 3.92 9,960
Apr.5-6..| Soulé, Christianson a: 16. 56 74,300
June 9....| Souléand Williams. ..on.veme i iee i 10.72 32,300

Daily discharge, in second-feet, of Mississippt River at St. Paul, Minn., for the year ending
Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan., | Feb, | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
9,700 56,400| 53,400| 49,000 16,600 14,900
9, 700 62,000 51,100 46,900, 32,500, 16,000 14,400
9,480 65,300| 49,700| 44,800 35,000/ 15,200| 13,800
9,260 70,200, 47,600| 42,200 37,900| 14,400 13,600
9,050 71,900| 46,200 40,300| 40,300/ 14,100/ 13,300

Buenereernennnn 11,8000 9,700| 10,100, 73,500 37,900, 41,600 14,600/ 13,000
800 9,700 72,700 35,600| 41,600, 13,600 13,300
10, 600) 71,900 34,000 40,300| 13,600 13,300
10,100 7,860 | 73,500 32,500| 39,100/ 14,400 13,600
9,480 68,600 30,700| 36,700| 13,800| 14,100
9,050 64, 500 29,000| 35,000( 13,600| 13,800
9,260 60, 400 27,500| 33,000| 13,300/ 13,800
9,260 58,000 26,700| 31,100{ 13,600/ 14,400
8,630 54, 800) 25,600{ 29,400( 13,600 14,600
8,000 5.900 52, 600) 24,800| 28,200| 13,000 14,600
3

7,800 6250 51,100 24,500] 27,100| 12,800 14,600
6,820 9,920| 49, 700 24,100] 26,700 12,200 15,200
7,200 11,300] 49, 700 24,500 27,500 12,500/ 15,500
6,450 12, 200{ 49,700, 24,500/ 28,200 13,000/ 15,800
13,000{ 49,700 23,700/ 29,000] 13,300/ 15,800
13,800| 50, 400! 23,000 28,600 13,300| 15,500
14,100} 51, 800 22,300( 27,500( 13,300 15, 500

14,900| 52, 600, 21,600 26,700( 14,400| 14,
15,800| 54,800 21,000| 25,600| 15,200/ 14,600
7.070 16,300{ 58,000, 21,000{ 24,500 15,500| 14,600
17,500/ 59,600 21,6001 23,000| 15,800| 14,100
19, 300( 60, 400 92,000 22,300| 15,800{ 14,100
,400( 61,200 22,700| 21,300| 16,000 13, 600
60, 400| 23,700 20,000| 15,800/ 13,600
....... 40,300| 55,600 24,800| 18,700 15,800 13,600
LA PO 49,700].......| 50,400|...-... 17,500| 15,200|.. ... ..

NorE —Discharge, Dec. 20 to Mar. 16, estimated, because of ice, from gage-height records collected by the
United States Engineer Corps at Lock and Dam No. 2 below Mnneapolis, at which point open-water
conditions prevail throughout the winter. In this estimate allowance has been made for the flow of the
Minnesota River, which enters between Lock and Dam No. 2, and station,
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Monthly discharge of Mississippi River at St. Paul, Minn., for the year ending Sept. 30,
1916.

[Drainage area, 35,700 square miles.]

ise in second-feet.
Diseharge in second Run
(depth in
Month. Per 132 16S on
: : ainage
Maximum. | Minimum. | Mean. sgg]%z:e area).
12,100 0.339 0.39
13,000 . 364 41
8,210 230
6,250 175 20
5,900 .165 18
13,900 .389 45
59,700 1.67 1.86
40, 700 1.14 1.31
, .815 91
.835 96
14,300 400 46
14.300 .400 45
20, 600 577 7.84

SANDY RIVER BELOW SANDY LAKE RESERVOIR, MINN.

LocaTioN.—At Sandy Lake dam; near Libby post office, Aitkin County, 1 mile
above mouth of river.

DRAINAGE AREA.—424 square miles.

RECORDS AVAILABLE.—July 7, 1893, to September 30, 1916.

Gage.—Vertical staff.

DIscHARGE MEASUREMENTS.—Made by an employee of the United States Engineer
Corps at a section a short distance below dam. The section at which measure-
ments are made is not well adapted to measurements of low discharge, the
velocities being too low.

DiscrArGE.—Determined from flow through openings of dam and from frequent
discharge measurements, )

EXTREMES OF DISCHARGE.—Maximum discharge recorded during year, 2,090 second-
feet May 6; no flow April 17.

1893-1916: Maximum discharge recorded, 3,738 second-feet July 12, 1897; no
flow at frequent intervals from 1893 to 1912, and again on April 17, 1916.

Reauration.—Flow at station wholly controlled by Sandy Lake reservoir. At low
stages area of reservoir 8 square miles, and at high stages.16.5 gquare miles.
These areas, with a range of 9.4 feet, give a capacity of 3,127,900,000 cubic feet.

Accuracy.—Daily discharge determined by United States Army engineers from gage
reading indicating head on dam forming Sandy Lake reservoir and from varying
amount of submerged openings, discharge measurements being made from time
to time to check the computations. Section at which discharge measurements
are made is not adapted to measuring small discharge, as velocities are too low;
determination of discharge at very low stages are based entirely upon theoretical
formulas. Results below 300 second-feet are only roughly approximate and
may be 20 per cent to 25 per cent in error. Records at high stage are considered
good.

CooreraTION.—Records of discharge as published are furnished by the United States
Engineer Corps, which maintains the station for the purpose of measuring the
flow from the Sandy Lake reservoir, one unit in the Government reservoir
system at the headwaters of the Mississippi.
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Daily discharge, in second-feet, of Sandy River below Sandy Lake Reservoir, Minn., for the
year ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. { Mar. | Apr. | May. | June. | July. | Aug. | Sept.

302 307 259 199 301 79 | 1,684 739 634 15 512

310 263 201 301 300 | 1,048 | 1,022 8 15 509 303
317 267 201 298 300 |a1,579 | 1,022 85 15 495 295
329 265 201 302 185 ) 1,689 | 1,019 85 15 493 295
336 264 199 300 135 | 1,800 | 1,018 93 15 493 220

324 259 202 |.oooonnn 110 a1:910 973 267 15 487 223
....... 261 201 |....... 86 [cooeu. 756 l.....s 15 476 |.......
a Discharge measurement.

Monthly discharge of Sandy River below Sandy Lake Reservoir, Minn., for the year ending
. Sept. 30, 1916.

[Drainage area, 424 square miles.]}

Disc i foot.
harge in second-feet. Run-off

(depthin

Month. per | inches on

Maximum. | Minimum. | Mean. | square | drainage

mile. area).

L0710 7 R 302 75 293 0.691 0.80
November.. B 336 293 310 .731 .82
December. . . 315 259 284 .670 Nid
January . . 268 199 223 . 526 .61
B 2103 (T T oY 302 199 276 651 .70
March. ..o e 302 10 203 479 .85
F-% o) u | B 1,910 380 896 1.00
Y e et aieeeanaraaateaiacaiatiaanaaaan 2,090 756 1,410 3.33 3.84
June. .. ... 739 83 7 582 .65
July. s 832 15 195 460 .53
August. ... 535 15 384 . 906 1.04
September.. . .....oo.iiiiaiiiiiiieaiaaas 512 220 385 .908 1.01
THE JOAT. v eeeeeeeeeeeeeeeeaeeannen. 2,090 l 0 t‘ 384 906 12.32

Nore.—Monthly and yearly discharge computed by engineers of the United States Geological Survey.

PINE RIVER BELOW PINE RIVER RESERVOIR, MINN.

Locarron.—In T. 137 N., R. 27 W., just below dam at outlet of Cross Lake, which is
15 miles above mouth of river, in the central part of Crow Wing County.

DRAINAGE AREA.—452 square miles.

Recorps AvaiLaBLE.—January 1, 1895, to September 30, 1916. Records of monthly
mean discharge and total monthly discharge from April, 1886, to November, 1893,
are published in Report of Chief Engineers, United States Army, for 1894, part 3,
p. 1707.
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DiscHARGE MEASUREMENTS.—Made by an employee of United States Engineer
Corps, stationed at the reservoir.

DisceArRGE.—Determined from daily gage heights representing head on dam, and
from records of flow through openings of various sizesin the dam. Discharge
measurements are made about once a week to check these determinations.

ExXTREMES OF DPISCHARGE.—Maximum stage during year, 589 second-feet July 15;
minimum discharge recorded, 10 second-feet April 30 to May 19.

1895-1916: Maximum discharge recorded, 1,586 second-feet June 29, 1901; no
flow June 8 to 15, 17, 19, and 20, 1906.

WinTER FLOW.—Determinations made as during open-water periods; see paragraph
on “Discharge. ”

RecuratioN.—Flow wholly controlled by Government reservoir at station. Area
of reservoir at low water, 18 square miles; at high water, 24 square miles. These
areas, with a range of 16.15 feet, give a capacity of 7,732,900,000 cubic feet. The
dam raised the water in Cross, Pine, Daggett, Rush, Whitefish, Trout, and Hay
lakes by varying amounts.

" Accuracy.—Discharge determined by engineers of the United States Engineer Corps
from gage readings which indicate head on dam forming the reservoir, and from
records of flow through openings of various sizes inthedam. These computations
are checked about once a week by discharge measurements made by an employee
at the dam. Records good.

CooperaTiON.—Records of discharge as published are furnished by United States
Engineer Corps which maintains the station for the purpose of measuring the flow
from Pine River reservoir, the lowest in the present system of Government reser-
voirs on the headwaters of the Mississippi.

Daily discharge, in second-feet, of Pine River below Pine River reservoir, Minn., for the
year ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. { May. | June. | July. | Aug. | Sept.
253 10| @53 | a334 | a414 a 271
10 53 360 412 ) a252

10 215 581 408 | @258
10 | @237 573 409 258

42 236 541 | a 256 258

463
48 234 | a 433 268 259
50 234 428 | a271 259

55 234 418 271 258
57 234 | a 414 271 258
59 234 414 271 | @257
61 ....... 414 271 [.......

o Discharge measurement,



UPPER MISSISSIPPI RIVER BASIN. 59

Monthly discharge of Pine River reservoir, Minn., for the year ending Sept. 30, 1916.

[Drainage area, 452 square miles.]

i -feet.

Discharge in second-fe Run-off

(depth in

Month. Per 133 188 On

Maximum. | Minimum. | Mean. | square ainage

mile. area).

OcCtober. ... 502 298 314 0. 695 0.80
November. - 313 300 307 .679 .76
December . 302 289 294 650 75
January. .. 323 252 278 615 71
February.. 355 247 293 .648 .70
March. ... . il i 440 355 392 .867 1,00
7§ £ ¢ | 462 10 243 .538 .60
ay.. - 61 10 25 055 .06
June.. 237 53 148 328 37
July.. 589 334 504 112 1.29
August . .- 414 256 358 . 792 .91
September. .. ... 1l Il 271 252 258 .571 .64
The year. ..o e aeiaaiieaananans 589 10 285 .631 8.59

CROW WING RIVER AT MOTLEY, MINN.

LocarioN.—Near north border of sec. 18, T. 133 N., R. 31 W., at highway bridge in
village of Motley, about a quarter of a mile north of the Northern Pacific Railway
station and 2 miles above mouth of Long Prairie River, the nearest tributary,
in Cass County.

DRAINAGE AREA.—2,140 square miles.

REcORDS AvATLABLE.—June 10 to November 30, 1909, and April 17, 1913, to September
30, 1916. The records for 1909 consist of discharge measurements and gage
heights only.

Gacge.—Chain gage attached to upstream handrail of bridge near right bank; read
by 8. W. Jacobs. Prior to July 21, 1916, gage was a staff in two sections, the
lower section attached to an old log bulkhead which constituted abutment of a
former bridge and was about 20 feet above upstream side of bridge at left bank;
upper section was attached to an-old piling just above lower section.

DiscHARGE MEASUREMENTS.—Made from upstream side of bridge.

CHANNEL AND coNTROL.—Bed composed of sand and gravel; fairly permanent.
Banks not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 11.5 feet April
5 and 6 (discharge, 9,440 second-feet); minimum open-water stage recorded,
6.39 feet November 3, 1915 (discharge, 771 second-feet); minimum discharge
during period river was frozen over is estimated at 458 second feet December
31, 1915.

1913-1916: Maximum stage recorded, 11.5 feet April 5 and 6, 1916 (discharge
9,440 second-feet): minimum open-water stage recorded, 6.0 feet June 17 and 18;
1913 (discharge, 528 second-feet). A flow of 417 second-feet was measured by
current meter February 26, 1914; the absolute minimum is probably somewhat
lower than this amount.

Ice.—Stage-discharge relation seriously affected by ice.

RecuraTION.—Nearest dam above station at outlet of Lower Crow Wing Lake, about
67 miles above Motley; regulation at this point has very little effect at the gage.

Accuracy.—Stage-discharge relation probably changed a little during high water
in April and affected by ice during winter. Rating curve used October 1 to
April 2 well defined between 778 and 3,620 second-feet. Rating curve used April
3 to September 30 fairly well defined between 940 and 4,790 second-feet; above
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4,790 second-feet it is an extension.
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Gage read to quarter-tenths twice daily,

gage readings July 8 to 20 believed to be unreliable and were not used. Daily
discharge ascertained by applying mean daily gage heights to rating table, except
for periods when stage-discharge relation was affected by ice, for which it was
ascertained by applying to rating table mean daily gage heights corrected for ice
effect by means of discharge measurements, observer’s notes, and weather records.
Records October 1 to November 15 and July 21 to Septembet 30, good; April 3
to July 7, fair; July 8-20, poor; winter records November 16 to April 2 range from

fair to good.

Discharge measurements of Crow Wing River at Motley, Minn., during the year ending

Sept. 30, 1916.

Dis- Dis-
Date. charge. Date. Made by— charge
Sec.ft.

Apr. 11 ‘hristianson 3,820

July 7 . 2,920

2 |. 1,250

Sept. 10 Q0o 1,490

e Ice at control.

Daily discharge, in second-feet, of Crow Wing River at Motley, Minn. for the year ending

Sept. 30, 1916.

Jan. | Feb. | Mar.

458 | 476 | 550
461 | 498 | 550
461 | 498 541
461 | 50| 532
461 | 53| 524

Sept.

O O LoH L

583 ShEEs

Bt ok b o o ok o ok etk ok ok ok ot
NN

g BEEEE 8%

S 8883

wﬁw
8388

SIS

Norte.—Discharge, Nov. 16 to Apr. 2, estimated, because of ice, from discharge measurements, observer’s

notes, and weather records. Discharge, July 8-20 interpolated.
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Monthly discharge of Crow Wing River at Motley, Minn., for the year ending Sept. 30,
1916.

[Drainage area, 2,140 square miles.]

isch: i -feet.
Discharge in second-feet. Run-off
(depthin
Month. Per i.g;zt{es on
. . e alnage
Maximum. | Minimum. | Mean. sg]uifage aroa).
[0 2c17¢) T PP 1,380 778 979 0. 458 0.53
November. .- 1,180 771 913 .427 .48
December. 744 458 569 266 31
January... 472 441 454 212 24
February.. oe- .. 614 476 569 ", 266 .29
March. e 724 479 528 . 247 .28
April. .. 9,440 1,180 4,570 2.14 2.39
ay.. 2, 1,620 2,190 1.02 1.18
June.. 2,920 1,170 1,660 778 .87
July 4,110 940 2,070 967 1.11
August .. 1,980 830 21,180 .561 .64
September 1,760 1,170 1,460 . 682 .76
9,440 441 1,430 .668 9.08

LONG PRAIRIE RIVER NEAR MOTLEY, MINN.

LocartioNn.—On west line of sec. 19, T. 133 N., R. 31 W, at highway bridge 1 mile south
of Motley and 2 miles above mouth of river, in Morrison County. .

DRAINAGE AREA.—973 square miles.

RECORDS AVAILABLE.—June 10, 1909, to September 30, 1916.

Gage.—Chain gage attached to downstream handrail of bridge, near middle of stream;
read by Mrs. Clem Thompson, Prior to August 9, 1916, gage was a staff attached
to an overhanging stump on right bank of river, about 100 yards above bridge.

DiscHARGE MEASUREMENTS.—Made from downstream side of highway bridge 100
yards below gage; low-stage measurements made by wading a short distance
above gage.

CHANNEL AND CONTROL.—Bed composed of light gravel; practically permanent. Left

. bank low; subject to overflow at extreme flood stages; right bank high and not
subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage during year, 15.0 feet April 5, determined
by leveling from flood marks (discharge, estimated, 4,280 second-feet, allowance
being made for backwater); minimum open-water stage recorded, 5.4 feet Octo-
ber 23 to November 3, 1915 (discharge, 200 second-feet); minimum discharg®
when river was frozen over estimated at 78 second-feet February 28 to March 3.

1909-1916: Maximumstage during period, 15.0 feet, April 5, 1916, determined by
leveling from flood marks (estimated discharge, 4,280 second-feet, allowance being
made for backwater). A discharge of 39 second-feet was measured by current
meter on February 27, 1914; absolute minimum probably about 30 second-feet.

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation changed by fill in channel, probably during the
last part of the summer of 1915. The effect of this fill was complicated by back-
water caused by a varying amount of vegetation which obstructed the channel at
the same time. No vegetation obstructed the channel during the summer of 1916.
Discharge October 1-31, 1915, determined by indirect method owing to obstruction
of the channel by vegetation. Rating curve used November 1 to September 30,
fairly well defined from 78 to 1,730 second-feet; above 1,730 second-feet it is an
extension determined from areaand mean velocity curves. Gageread tohalf-tenths
twice daily. Daily discharge ascertained by applying mean daily gage heights to
rating table except for periods when stage-discharge relation wasaffected by aquatic
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plants or ice for which it was ascertained by applying to rating table mean daily
gage heights corrected for backwater by means of discharge measurements and,
for winter period, observer’s notes and weather records. Records good for low-
water periods; fair for high-water periods. .

Discharge measurements of Long Prairie River near Motley, Minn., during the year ending
Sept. 80, 1916.

Gage Dis- Gage | Dis-
Date. Made by— height: | charge. || D2t Made by— height. | charge.

Feet. | Sec.-ft. Feet. | Sec.t.

Nov. 8| S8.B.Soulé............. 5.08 287 || Apr. 12 | O. Christianson 7.75 1,550
8 1..... do...... . 5,68 202 || July 7| S.B. Soulé . 8.01 1,740

Dec. 23¢| E, L. Williams. .| 5.01 152 20 |..... Oenaeneeineeaeanann 6.18 5
Jan. 27¢| S. B. Soulé. .| 6.10 103 || Sept. 9 |.-... [¢ (s T, 6.20 502
Mar. 16a..... L 1 6. 64 121

a Control obstructed by ice.

Daily discharge, in second-feet, of Long Prairie River near Motley, Minn., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
212 200 360 120 126 78 570 805 | 1,070 | 2,370 380 520
212 200 340 120 144 78 805 805 | 1,140 { 2,370 340 520
212 200 340 120 144 78 | 1,280 805 | 1,140 | 2,370 360 470
231 216 340 120 144 83 | 3,130 805 | 1,140 | 2,450 805 470
231 216 340 120 138 88 | 4,280 870 | 1,070 | 2,540 805 470
231 206 340 120 132 88 | 3,380 870 | 1,070 | 2,620 144 470
212 232 340 120 126 88 | 2,790 895 11,000 | 1,730 144 446
212 232 340 120 120 88 | 2,370 920 935 | 1, 144 470
212 248 340 120 114 88 | 2,050 945 935 | 1,140 340 495
231 265 320 120 109 881, 970 935 | 1,140 360 545

290 340! 154 88 109 157 11,280 1 1,070 805 624 570
178 340 152 88 104 157 870 | 1,070 805 7 597 520
178 360 144 92 98 157 870 | 1,070 805 597 624 624
178 360 144 96 93 171 935 | 1,000 805 652 624

1,0
178 |....... 120 109 |....... 545 ....... 1,070 ... ... 380 520 |.......

Nore.—Discharge Nov. 28 to Apr. 11, estimated, because of ice, from discharge measurements, observer’s
notes, and weather records. Discharge Oct. 1-31 determined by indirect method for shifting control be-
;al.]lége %f backwater caused by growth of vegetation in the channel, Discharge May 7-13 and Sept. 8 inter-

0. . -
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Monthly discharge of Long Prairte River near Motley, Minn., for the year ending Sept.
30, 1916.

[Drainage area, 973 square miles.]

Disc! e in second-feet.
harg Run-off
(depth in
Month. Per i(ril;: 1es o
: L ainage
Maximum. | Minimum. | Mean. Sl%lilf!:"e area).
. 356 178 243 0.250 0.29
November. - 360 200 201 .299 .33
December. . 360 120 242, 249 .20
132 88 110 113 13
144 78 110 L 113 12
545 78 157 161 19
4,280 570 1,550 1.59 1.77
1,070 985 1.01 1.16
1,970 740 929 . 955 1,07
2,620 380 1,150 1.18 1.36
1,420 144 527 542 63
446 569 585 65
4,280 78 51 587 7.9

ELK RIVER NEAR BIG LAKE, MINN.

LocatroNn.—In sec. 23, T. 33 N., R. 27 W., at highway bridge 4 miles east of Big
Lake, Sherburne County, and three-quarters of a mile north of Bailey station on
Northern Pacific and Great Northern railways, half a mile above Tebbetts Brook
and 4 miles below mouth of St. Francis River.

DRAINAGE AREA.—615 square miles.

RECORDS AVAILABLE.—April 15, 1911, to September 30, 1916.

Gage.—Vertical staff gage attached to upstream edge of left abutment; read by
Michael Tracy. Prior to April 7, 1916, the gage was a staff gage attached to a
piling about 10 feet above the upstream edge of bridge, near right bank of river.

Di1sCHARGE MEASUREMENTS.—At high stages made from the downstream side of
bridge; at medium and low stages by wading.

CHANNEL AND CONTROL.—Bed composed of sand and light gravel. Just below gage
ig a slight rapids which constitutes the control at medium and low stages and at
which the bed consists of considerably heavier gravel and cobblestones, and is
fairly permanent. From July to October, the channel is obstructed by aquatic
plants which cause considerable backwater that increases as the summer advance,
and reaches a maximum some time in September. Right bank high and will
not be subject to overflow; left bank subject to overflow at a stage of about 9
feet, and some of the water cuts across a point formed by a loop in the river and
does not pass under the bridge.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 8.5 feet April 5
(discharge, 4,060 second-feet); minimum discharge, 96 second-feet, several times
during January.

1611-1916: Maximum stage recorded, 10 feet at 6.30 p. m., May 7, 1912 (dis-
charge, 5,100 second-feet); minimum open-water stage recorded 0.22 foot July
16, 1911 (discharge, 43.4 second-feet, measured by current meter); a discharge
of 39 second-feet was measured by current meter on January 27, 1912.

Tce.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation fairly permanent, except as affected by ice
during the frozen period and by backwater from aquatic plants in the latter part
of the summer. Rating curve well defined throughout. Gage read to quarter
tenths twice daily. Daily discharge ascertained by applying mean daily gage
heights to rating table except when stage-discharge relation was affected by ice
for which it was ascertained by applying to rating table mean daily gage heights
corrected for ice effect by means of discharge measurements, observer’s notes,
and weather records. Records fair.
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Discharge measurements of Elk River near Big Lake, Minn., during the year ending Sept.

30, 1916.

Gage Dis- Gage | Dis-
Date. Made by— heieht. | charge. || Date: Made by— height. | charge.
Feet. | Sec.-ft. i Feel. | Sec.ft.
Oct. 20} S.B.Soulé............. 1.01 195 || Apr. 15 | E. L. Williams......... 3.5 1,120
d 1.27 110 y 19 {..... A0n memnnnniininas 2.48 711
1.90 132 || July 6 |..... 0. v nnsmnsnnnnennn 5.18| 2,020
Aug. 145 S.B.Soulé.....c....... 1.59 292
6.91 2,940 || Sept 21 | Soulé and Kilgore...... 1.67 319

a Jce at control.

b Grass at control.

Daily discharge, in second-feet, of Elk River near Big Lake, Minn., for the year endin

Sept. 80, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
148 195 283 116 200 132 986 794 | 1,070 | 1,970 312 326
141 190 283 114 195 132 | 1,360 757 950 | 2,450 297 326
143 190 269 111 190 136 | 2,030 720 871 | 2,690 269 312
178 185 269 111 185 136 | 3,540 683 794 | 2,510 269 312
165 185 269 109 180 136 | 4,060 647 720 | 2,270 297 312
190 185 269 109 175 136 | 3,400 612 683 | 1,970 297 297
203 188 229 111 170 141 | 3,140 545 647 | 1,740 312 297
203 206 229 116 170 146 | 2,210 545 612 | 1,530 297 283
216 216 229 120 165 153 | 1,860 545 612 | 1,330 283 269
216 236 229 118 158 153 | 1,690 | 496 578 11,200 | 326 269
203 371 229 116 161 146 | 1,580 464 545 990 326 297
203 433 216 120 146 158 1 1,430 448 528 910 312 297
203 448 216 118 141 158 | 1,330 432 545 757 312 297
203 448 203 105 132 165 | 1,240 448 | . 545 647 297 312
190 480 190 98 123 163 | 1,150 528 545 612 283 326
178 496 178 96 130 155 | 1,150 545 578 545 283 326
190 480 165 98 130 160 | 1,150 578 545 545 269 341
190 480 160 96 136 160 | 1,110 647 545 545 283 341
190 448 141 96 136 155 | 1,070 720 528 496 297 326
190 417 130 100 141 160 { 1,110 720 512 480 297 326
203 386 125 100 146 160 [ 1,110 757 480 464 297 312
203 283 123 96 153 160 | 1,110 990 464 448 297 312
198 326 118 130 153 165 | 1,110 | 1,070 448 417 297 312
198 3711 118 118 153 170 1 1,070 | 1,110 448 402 312 297
206 386 118 130 153 206 | 1,110 | 1,330 432 386 312 283
200 356 118 141 143 211 | 1,110 | 1,910 496 371 326 297
195 312 118 170 141 216 | 1,070 | 1,970 528 341 341 297
190 297 118 182 134 242 990 | 1,740 545 326 341 297
198 269 118 198 132 294 950 | 1,580 871 312 341 297
190 211 118 208 |.oo.--. 506 871 ] 1,380 ] 1,240 297 341 283
182 1....... 118 206 |....... 698 |..ennnn ,200 ..., 341 326 |.......

NorEe.—Discharge Dec, 7 to_Apr. 2 estimated, because of ice, from discharge measurements, observer’s

notes, and weather records.

for shifting channel because of backwater caused by the growth of aquatic plants in the channel.

Discharge Oct. 1-31 and July 11 to Sept. 30, determined by indirect method
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Monthly discharge of Elk River near Big Lake, Minn., for the year ending Sept. 30, 1916.

[Drainage area, 615 square miles.]

Discharge i cond-feet.

ischarge in secor Rup-off

(depth in

Month. Per 1(111;3 1es on

. . e ainage

Maximum. | Minimum. | Mean. s%il?r&e aren),

216 141 191 0.310 0.36
496 185 322 524 .58
283 118 184 .34
208 96 124 202 .23
200 123 154 250 27
698 132 194 315 .36
4,060 871 1,570 2,55 2.84
1,970 432 868 1.41 1.63
1,240 432 630 1.02 1.14
2,690 297 977 1.59 1.83
341 269 305 496 .57
341 269 306 498 .56
4,060 96 485 789 10.71

CROW RIVER AT ROCKFORD, MINN.

LocatioN.—In sec. 29, T. 119 N., R. 24 W., at highway bridge at Rockford, about
400 feet below dam, not in use at present, about one-third mile below the “ Soo”’
Railway bridge, and about a mile below the junction of the north and south
branches. Between the junction and the station are the outlets of Rebecca Lake
and Lake Sarah, both very small streams.

RECORDS AVAILABLE.—June 4, 1909, to September 30, 1916.

DRAINAGE AREA.—2,520 square miles.

Gage.—Vertical staff gage attached to a piling a few feet upstream from right end of
bridge; read by G. W. Florida.

DiscHARGE MEASUREMENTS.—At high and medium stages, made from the bridge; at
low stages, made by wading about 600 feet below gage.

CHANNEL AND coNTROL.—Bed (for most part) composed of heavy gravel; practically
permanent. Banks are not overflowed except during extreme floods.

EXTREMES OF DIsCHARGE.—Maximum stage recorded during year, 15.9 feet at 6 p. m.
April 2, and 7 a. m. April 3 (discharge, 10,600 second-feet); minimum discharge,
144 second-feet, January 19 and 20.

1909-1916: Maximum stage recorded, 15.9 feet at 6 p. m. April 2 and 7 a. m.
April 3, 1916 (discharge, 10,600 second-feet); minimum open-water stage recorded,
4.55 feet January 29 and February 5, 1911 (discharge, 34 second-feet); absolute
minimum probably about 30 second-feet and occurred in February, 1915.

Ice.—Stage-discharge relation seriously affected by ice. Prior to the winter of 1911-
12, littleice formed at the control, and the open-water rating curve was applicable
throughout the year. Before the dam just above the station was destroyed, the
temperature of the large body of water back of the dam was considerably above
freezing, and the water did not freeze quickly when released; but since the
destruction of the dam natural conditions exist and ice forms.

ReguraTioN.—On the North, Middle, and South forks of Crow River there are seven
power plants with small storage, but the regulation at the various points is so
slight that no appreciable effect is observed at the gage. Dam immediately above
gage was partly destroyed May 31, 1911, and has not since been repaired.

6342°—18—wsPp 435—5



66 SURFACE WATER SUPPLY, 1916, PART V.

Accuracy.—Stage-discharge relation practically permanent except as affected by ice.
Rating curve well defined above and fairly well defined below 1,000 second-feet.
Gage read to hundredths twice daily. Daily discharge ascertained by applying
mean daily gage heights to rating table except for periods when stage-discharge

relation was affected by ice, for which it was ascertained by applying to

rating

table mean daily gage heights corrected for ice effect by means of discharge meas-
urements, observer’s notes, and weather records. Records above 1,000 second-

feet during open-water period excellent; below 1,000 second-feet only fair,

owing

to difficulty of obtaining accurate discharge measurements; during period chan-

nel was obstructed fair.

Discharge measurements of Crow River at Rockford, Minn., during the year
Sept. 30, 1916.

ending

Gage Dis- _ Gage | Dis-

Date. Made by— height. | charge. Date. Made by height. | charge.
Feet. | Sec.-ft.

July 7! E.L. Williams......... 9.30 2,850

Aug. 18| 8. B.Soulé............. 6.08 752

Sept. 27 | R. B. Kilgore.......... 5.95 584

a Ice at control. '
Daily discharge, in second-feet, of Crow River at Reckford, Minn., for the year ending
Sept. 30, 1916.

Day. Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
665 445 1 1,45 257 198 169 | 9,800 | 3,510 | 5,330 | 2,970 | 1,190 775
692 445 | 1,310 217 187 179 (10,400 | 3,240 | 4,930 | 3,150 | 1,130 802
720 420 | 1,190 209 217 169 (10,400 | 3,150 | 4.430 | 3,150 | 1,070 802
748 420 | 1,130 202 229 162 |10,400 | 2,970 | 4,140 | 3,060 | 1,070 802
720 395 | 1,070 209 237 162 | 9,800 | 2,810 | 3,780 | 2,970 | 1,010 802
665 |- 395 1,010 221 229 165 | 9,060 | 2,650 | 3,510 | 2,970 950 802
638 395 950 217 217 179 | 8,220 | 2,490 { 3,330 | 2,890 950 &0
638 445 950 225 209 217 | 7,300 | 2,410 | 3,060 | 2,730 890 802
610 500 950 211 217 237 | 7,050 | 2,570 | 2,890 | 2,570 860 830
582 665 950 209 217 244 | 6,570 | 2,250 | 2,730 | 2,570 950 802
582 950 | 1,010 206 209 257 | 6,210 | 2,170 | 2,490 | 2,330 860 775
5556 11,190 202 209 237 1 5,770 | 2,010 | 2,650 | 2,170 830 748
528 | 1,310 935 194 206 217 | 5,330 | 1,940 | 2,810 | 2,090 830 748
528 1 1, 590 905 179 209 198 | 4,930 | 2,010 | 3,060 | 1,940 775 720
500 | 1,640 845 172 198 187 { 4,730 { 2,410 | 3, 2,090 748 720
500 | 1,640 755 183 217 198 | 4,830 | 2,810 | 3,150 | 1,940 692 720
528 | 1,640 695 179 237 237 | 4,730 | 2,890 | 3,150 | 2,330 665 692
555 | 1,450 638 172 202 217 | 4,730 | 2,800 | 3,060 ; 2,810 638 692
582 | 1,310 583 144 194 245 | 4,630 | 2,810 | 2,970 | 2,810 665 665
610 | 1,450 555 144 187 270 | 4,530 | 2,810 | 2,810 | 2,730 748 610
610 | 1,790 528 179 179 279 | 4,430 | 2,970 | 2,730 | 2,570 775 638
610 | 1,790 500 217 187 323 | 4,430 1 3,240 | 2,570 | 2,410 748 610
582 | 1,710 473 257 179 445 1 4,330 | 3,330 | 2,650 | 2,170 720 610
582 | 1,640 445 266 172 637 | 4,050 | 3,510 | 2,650 | 2,010 720 610
565 | 1,640 420 261 162 | 1,190 | 4,050 | 4,330 | 2,570 | 1,870 720 610
555 | 1,130 370 257 158 | 1,450 | 3,870 | 4,730 | 2,490 | 1,800 748 610
528 | 1,070 370 245 151 | 2,410 | 3,780 | 5,330 | 2,410 | 1,660 748 582
500 950 345 257 155 {3,510 | 3,780 | 6,100 | 2,330 | 1, 720 610
472 | 1,010 300 237 162 | 5,550 | 3,780 | 6,100 | 2,410 | 1,450 748 610
472 | 1,130 291 257 |....... ,350 | 3,600 | 5,880 | 2,730 | 1,380 748 610
445 .. ... 279 237 |....... 8,500 |....... , 660 [....... 1, 775 | ...

Nore.—Discharge Nov. 15-17, 21-25 and Deec. 13 to Mar. 31, estimated, because of ice, from discharge

measurements, observer’s notes, and weather records.
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Monthly discharge of Crow River at Rockford, Minn., for the year ending Sept. 30, 1916.

[Drainage area, 2,520 square miles.]

Discharge in second-feet.

& Run-off

(depth in

Month. Per néghes on

Xi . ini . . ainage

Maximum. | Minimum. | Mean. sg]tillsg.e area).

October. ... . 748 445 582 0.231 0.27
November. . . 1,790 395 1,090 .432 48
December.. 1,450 279 747 296 34
266 144 214 085 10
237 151 198 079 08
9,350 162 1,220 434 56
10, 400 3,600 5,980 2.37 2.64
, 1,940 3,350 1.33 A 1.53
5,330 2,330 3,100 1,23 1.37
3,150 1,250 2,340 .929 1.07
1,190 8 .329 38
582 708 .281 31
10,400 144 1,690 671 9.13

MINNESOTA RIVER NEAR MONTEVIDEO, MINN.

Locarion.—In sec. 17, T. 117 N., R. 40 W., at highway bridge 1 mile south of Monte-
video, Chippewa County, 500 feet below mouth of Chippewa River.

DRANIAGE AREA.—6,300 square miles.

RECOEDS AvAILAGEL.—July 23, 1909, to September 30, 1916.

Gage.—Chain gage attached to upstream handrail of bridge, near left bank; read by
B. O. Brown. Datum of gage lowered 2 feet September 16, 1909, and 1 foot more
July 29, 1910, to avoid negative readings. All gage heights referred to latest
datum.

Di1scHARGE MEASUREMENTS.—Made from upstream side of bridge.

CHANNEL AND cONTROL.—Gravel and rock; practically permanent. There is a slight
rapid just below gage, but the control section is not well defined. Bauks medium
height, and will be overflowed at a stage of about 14 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 14.41 feet at 8
a.m. April 3 (discharge, 7,570 second-feet); minimum discharge, 109 second-feet,
measured by current meter January 15.

1909-1916: Maximum stage recorded, 14.41 feet at 8 a.m. April 3, 1916 (dis-
charge, 7,570 second-feet); minimum recorded discharge, 6.8 second-feet, meas-
ured by current meter February 9, 1912.

Ice.—Stage-discharge relation seriously affected by ice.

REeguLATION.—No regulation on Minnesota River above station. Regulation of Chip-
pewa River at the plant of the Chippewa Milling Co., in Montevideo, produces a
slight fluctuation in the stage of Minnesota River at gage.

Accuracy.—Stage-discharge relation permanent. Rating curve well defined. Gage
read to hundredths twice daily. Daily discharge ascertained by applying mean
daily gage heights to rating table except for periods when stage-discharge relation
was affected by ice, for which it was ascertained by applying to rating table
mean daily gage heights corrected for ice effect by means of discharge measure-
ments, observer’s notes, and weather records. Records good.
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Discharge measurements of Minnesota River near Montevideo, Minn., during the year end-
ing Sept. 30, 1916.

Gage Dis- . Gage Dis-
Date. Made by— height. | charge. Date. Made by- height. | charge.
Feet. | Sec.-ft. Feet. | Sec.t.
Oct. 23 | 8.B,8oulé............. 6.12 963 || Mar, 18¢| 8. B, Soulé............. 7.02 608
do.... 6.13 946 || Apr. 1| O.Christianson........ 14,33 7,380
Jan. . 3.56 109 14 ... L 13.49 5,200
3.66 124 || Aug. 17 | 8. B. Soulé............. 6.75 1,270

¢ Ice at control.

Daily discharge, in second-feet, of Minnesota River near Montevideo, Minn., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
542 226 116 148 | 7,210 | 4,510 | 4,200 | 4,510 | 1,740 | 1,780
542 134 122 141 | 7,540 | 4,400 | 4,110 | 4,630 | 1,570 | 1,690
542 226 128 134 | 7,540 4,200 4,030 4,760 | 1,490 | 1,690
516 260 134 122 | 7,540 | 4,110 | 3,950 | 4,760 | 1,530 | 1,690
516 242 134 142 | 7,540 | 3,950 | 3,880 | 4,630 | 1,530 | 1,650
490 162 128 162 | 7,210 | 3,880 | 3,690 | 4,630 | 1,530 [ 1,610
466 178 122 155 | 6,890 | 3,690 | 3,570 | 4,630 | 1,450 [ 1,570
442 210 128 148 | 6,890 | 3,570 | 3,460 | 4,510 | 1,380 | 1,490
418 202 134 148 | 6,590 | 3,400 | 3,300 | 4,400 | 1,270 | 1,450
418 194 134 148 | 6,310 | 3,240 | 3,240 | 4,200 | 1,300 | 1,410
396 178 134 162 | 6,050 | 3,130 | 3,080 | 4,030 | 1,300 | 1,450
396 162 148 148 | 5,810 | 2,910 | 3,020 | 3880 | 1,300 [ 1,450
374 142 155 134 | 5,590 ( 2,810 | 2,910 | 3,810 | 1,270 [ 1,380
374 122 162 234 | 5,210 | 2,760 | 2,860 | 3750 | 1,270 | 1,410
418 110 | 155 334 | 4,900 | 2,910 | 2,810 | 3,690 | 1,230 | 1,410
442 110 148 438 | 4,900 [ 3,080 | 2,760 | 3,570 | 1,230 | 1,380
374 110 155 542 | 4,760 | 3,240 | 2,710 | 3,400 | 1,200 | 1,340
354 122 162 675 | 4,630 | 3,350 | 2,710 | 3,240 | 1,130 | 1,340
296 134 162 868 | 4,630 | 3,400 | 2,610 | 3,130 | 1,100 | 1,300
296 134 170 | 1,060 | 4,760 | 3,460 | 2,510 | 3,020 | 1,100 | 1,300
296 134 178 | 1,530 | 5,050 | 3,570 | 2,460 | 2,910 | 1,160 | 1,300
278 122 186 1 1,650 | 5,210 | 3,690 | 2,410 | 2,810 | 1,490 { 1,300
260 128 194 | 1,870 | 5,210 | 3,810 | 2,360 | 2,660 | 1,650 | 1,270
278 134 178 | 1,960 | 5,210 | 3,950 | 2,320 | 2,560 | 1,780 | 1,200
260 134 178 | 2,320 | 5,210 | 4,030 { 2,320 | 2,410 | 1,870 | 1,160
260 2,910 | 5,210 | 4,110 | 2,320 [ 2,320 | 1,870 | 1,160
260 4,400 | 5,050 | 4,200 | 2,320 | 2,230 | 1,870 | 1,130
260 4,630 | 4,900 | 4,300 | 2,410 | 2,140 | 1,870 | 1,130
242 5,590 | 4,760 | 4,300 | 3,240 | 2,050 | 1,876 | 1,130
226 6,310 | 4,630 | 4,400 | 3,950 | 1,960 | 1,82( | 1,100
226 ,890 [....... 4,300 |....... 1,870 | 1,78C |.......

Nore.—Discharge, Nov. 16-18 and Nov. 29 to Mar. 26, estimated, because of ice, from discharge measure-
ments, observer’s notes, and weather records.
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Monthly discharge of Minnesota River near Montevideo, Minn., for the year ending Sept.

30, 1916.
[Drainage area, 6,300 square miles.)
i i -feet.

Discharge in second-feet Run-off

(depth in

Month. Per inches on

Maximum. | Minimum. | Mean. | square | 4T alega;ge

mile arca).
[ ) S 1,030 621 904 0.143 0.18
November. . e . 876 516 667 .106 .12
December . 542 226 370 059 07
January. . 260 110 154 024 03
February. 194 116 153 024 03
March. . [ 122 1,490 236 27
April. .. .l 7,540 4,630 5,760 914 1.02
ay.. 4,510 2,760 3,700 587 68
June. 4 2,320 3,050 484 54
July.. 4,760 1,87 3,460 548 63
August. i 1,870 1,100 1,480 .235 27
SepTember ... oeoe e e aeeans 1,780 1,100 1,390 .221

T 7,540 110 1,880 298 4,07

MINNESOTA RIVER NEAR MANKATO, MINN.

LocatroN.—In sec. 14, T. 108 N., R. 27 W., in Blue Earth County, at Sibley Park,
2 miles above the center of Mankato, and 1,000 feet below the mouth of Blue
Earth River.

DRAINAGE AREA.—14,600 square miles.

Recorps Avamasre.—May 20, 1903, to September 30, 1916,

GaGE.—Chain gage on right bank of river, about 1,000 feet below mouth of Blue
Earth River; read by Clarence Staley, observer for United States Weather Bureau.
The gage support is a substantial cantilever structure, supported by two heavy
posts resting in concrete footings, constructed and maintained by the Umted
States Engineer Corps.

DiscHARGE MEASUREMENTS.—Made from highway bridge in center of Mankato;
at low stages made by wading a short distance below gage; at extremely high
stages by boat near gage.

CHANNEL AND cONTROL.—Bed composed of sand and light gravel; fairly permanent
except during high stage; banks moderately high and not subject to overflow
except at stages above gage height 15 feet. Control not well-defined.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 17.0 feet March 28
and 29 (discharge, 30,200 second-feet); minimum discharge, 165 second-feet,
March 2 to 4.

1903-1916: Maximum stage recorded, 21.2 feet, June 26, 1908 (discharge,
43,800 second-feet); minimum stage recorded, 0.5 foot August 31, September 1
and 2, 1911 (discharge, 89 second-feet). The highest known stage occurred in
1881, and is shown in Mankato by a well-marked line, approximately 27 feet
above the zero of the present gage (discharge, estimated, 65,000 second-feet).

Ice.—Stage-discharge relation seriously affected by ice.

RecuraTion.—The nearest dam on the Minnesota River is at Minnesota Falls, 140
miles upstream. A dam on the Blue Earth at Rapidan, a few miles above the
mouth, controls flow of that river, which is approximately 20 per cent of that
at the Mankato station and produces considerable daily fluctuation at the gage,
amounting at times to more than 1 foot.
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Accuracy.—Stage-discharge relation changing slowly a great part of the time; also
affected by ice in winter. A marked change probably occurred during the high
water in April. Rating curves fairly well defined. Gage read once daily to
tenths. This reading does not represent accurately the mean daily stage on
account of fluctuations caused by artificial regulation (see paragraph on * Regula-
tion’’). Daily discharge ascertained by applying the daily gage heights to rating
table except for periods when stage-discharge relation was affected by ice, for
which it was ascertained by applying to rating table daily gage heights corrected
for ice effect by means of discharge measurements, observer’s notes, and weather
records. Records for open-water periods fair; for winter period poor.

CooreraTiON.—Gage-height record furnished by United States Weather Bureau.

Discharge measurements of Minnesota River near Mankato, Minn., during the yew
ending Sept. 30, 1916.

’ Gage | Dis- Gage | Dis-
Date Made by— height | charge. | P2t Made by— height. | charge.
Feet. | Sec.t. Feet. | Sec-ft.
Oct. 21 | S.B. Soulé . 3,390 || Mar. 28 | S. B. Soulé............. 17.13 | 30,600
Jan. l4q do. el 384 || Apr. 11 | Soulé and Williams....| 11.41] 15,800
Feb. 17a 340 || Aug. 11 | 8. B. Soulé............. 3.63 | 2,400

a Iceat control.

Daily discharge, in second-feet, of Minnesota River near Mankato, Minn., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
815 420 200 |25,200 {14,500 |11,200 | 6,070 ] 3,790 | 2,290
815 420 165 (24,400 {14,300 |12,000 | 6,710 | 3,680 | 2,290
750 | 380 [ 165 [23,400 |13,200 {10,900 | 7,050 | 3,570 | 2,470
690 340 165 (22,600 (12,900 (10,500 { 7,930 | 3,460 { 2,380
690 | 340 | 200 {21,800 12,700 | 9,880 | 8,300 | 3,460 | 2,290
630 | 340 | 235 |20,600 |11,400 | 9,270 [ 9,270 | 3,140 | 2,200
630 340 270 |19,600 |10,500 | 8,300 | 8,870 | 3,140 | 2,470
570 380 305 (17,600 | 9,470 | 7,570 | 8,110 | 2,840 | 2,380
570 380 380 116,900 | 9,070 | 7,570 | 8,300 | 2,650 { 2,380
630 | 380 | 380 (15,700 | 8,490 | 6,880 | 9,070 | 2,940 | 2,200
570 380 470 16,200 | 7,750 | 6,560 | 8,490 | 2,840 | 1,950
520 340 815 15,000 | 7,750 | 6,230 | 9,270 | 2,740 | 1,950
570 | 305 | 1,500 (14,500 | 7,390 | 5,920 | 8,870 | 2,560 | 2,030
420 305 | 3,880 |13,200 | 6,710 | 5,770 { 9,270 | 2,110 | 2,110
380 | 270 | 7,340 (12,700 | 7,390 | 6,230 |21,600 | 1,950 | 2,030
380 305 | 9,850 |13,400 | 8,490 | 6,550 {14,500 | 1,870 | 1,950
380 | 305 [10,900 15,000 | 9,670 | 6,390 11,400 | 1,950 | 1,870
380 305 |12,000 |15,200 {10,700 | 6,390 (10,700 | 1,870 | 1,790
380 305 (13,300 (16,200 (11,200 | 5,770 ; 9,880 | 1,790 | 1,790
380 340 (16,200 {17,900 (10,300 | 5,330 | 9,470 | 1,870 | 1,720
420 380 {15,000 {22,900 | 9,070 | 5,050 | 9,670 | 1,950 | 1,650
420 420 116,700 123,900 | 9,670 | 5,050 | 9,270 | 2,030 | 1,650
420 420 (16,400 (23,700 110,900 | 4,910 ) 8,490 | 1,870 | 1,580
470 380 {16,400 (22,100 (12,000 | 4,780 | 8, 1,950
470 380 (22,700 (20,400 (13,400 | 4,650 | 7,390 | 1,870 | 1,510
420 340 124,400 {19,400 {13,400 | 5,620 | 7,390 | 2,030 | 1,510
420 305 |28, 200 (17,200 12,700 | 5, 6,710 12,200 | 1,
380 305 {30,200 116,200 113,800 | 5,470 | 6,230 | 2,380 | 1,580
3%0 | 235 (30,200 (15,500 13,800 | 5,620 | 5,770 | 2,290 | 1,510
420 [....... y 14,300 {12,700 | 6,070 | 4,910 | 2,380 | 1,510
420 | ;900 |....... 1,800 |....... 4,520 | 2,380 [... ...

Note.—Discharge, Dec. 18 to Mar. 13 estimated, because of 1ce, from discharge measurements, gage
heights, and weather records.
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Monthly discharge of Minnesota River near Mankato, Minn., for the year ending Sept.
30, 1916.

[Drainage area, 14,600 square miles.]

Discharge in second-feet.

g Run off

epth in

Month. Per mc es on

Maximum. | Minimum. | Mean. | square d;%le%a)ge

mile .

3,080 1,920 2,690 0.184 0.21
4,950 1510 | 2,780 .190 .21
1,750 750 l 310 <090 .10
815 380 ’ 509 .035 .04
420 235 346 .024 .03
30,200 165 10, 800 . 740 .85
25,200 12,700 | 18,400 1.26 1.41
14, 500 6,710 | 10,900 746 .86
12,000 4,650 7,000 .479 .53
21, 600 4,520 8,760 .600 .69
3,790 1,790 2, 500 17 .20
2,470 1,510 1,940 .133 .15
30,200 165 5,670 .388 5.28

CHIPPEWA RIVER NEAR WATSON, MINN,

LocatioN.—On line between secs. 10 and 15, T. 118 N., R. 41 W., at highway
bridge 2§ miles northeast of Watson, Chippewa County; about 2 miles below
mouth of Dry Weather Creek and 10 miles above mouth of river.

DRAINAGE AREA.—1,940 square miles. .

RECORDS AVAILABLE.—April 27, 1910, to September 30, 1916. From July 6 to Sep-
tember 17, 1909, four discharge measurements were made at the station.

Gace.—Chain gage attached to downstream side of bridge, near left bank of river;
read by Clifford Bonde.

DISCHARGE MEASUREMENTS.—At medium and high stages made from downstream’
side of bridge to which gage is attached; at low stages made by wading a short
distance above gage.

CHANNEL AND cONTROL.—Bed consists partly of sand and light gravel and partly
clay; shifts somewhat. Right bank slopes gradually, and the width of the
stream increases rapidly as stage increases from 10 to 12 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 15.1 feet March
29 (discharge, 4,750 second-feet); minimum stage recorded, 6.68 feet October
1, 1915 (discharge, 339 second-feet).

1910-1916: Maximum stage recorded, 15.1 feet March 29, 1916 (dlscha.rge,
4,750 second-feet); minimum open-water stage recorded, 3.90 feet August 7, 8,
and 9, 1910 (discharge, 5 second-feet;-this discharge is less than that given in
Water-Supply Paper 285, because of revision of the rating table since that report
was issued). A discharge of 1.7 second-feet was measured by current meter
February 9, 1912.

Ice.—Stage-discharge relation seriously affected by ice; observations discontinued
during winter.

RecuratioN.—There was formerly poseibly some slight regulation due to the opera-
tion of a flour mill under an 8-foot head at Hagan, but this dam is out at present,
so that the flow is natural.

Accuracy.—Stage-discharge relation changed slightly during high water inthe spring

of 1916; seriously affected by ice November 15, 1915, to March 26, 1916, when

gage readings were discontinued. Rating curve used October 1 to November

14 well defined below 564 second-feet; that used March 27 to September 30

well defined between 358 and 4,250 second-feet. Gage read to hundredths once

daily in the afternoon. Daily discharge ascertained by applying daily gage
heights to rating table. Records fair.

7/
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Discharge measurements of Chippewa River near Watson, Minn., during the year ending
Sept. 80, 1916.

. Gage Dis- ' Gage | Dis-
Date. Made by- height. | charge. Date. Made by— height. | charge.
N Feet. | Sec -t Feet. | Sec -ft.
Oct. 22 | 8. B. Soulé 7.90 Apr. 14 | O. Christianson........ 12.85 2,270
22 l.....do......... .7.89 542 || Aug. 17 | 8. B. Soulé............. 7.47 434
Apr. 1| O. Christianson........ ‘ 14,60 3,980

Daily discharge, in second-feet, of Chipé)e'wa River near Watson,

Minn., for the year

ending Sept. 30, 1916.
Day. Oct. | Nov. | Mar. | Apr. | May. | June. | July Aug. | Sept.
1,990 | 1,830 | 3,120 556 1,020
1,880 | 1,780 | 3,020 515 986
1,830 | 1,730 | 2,840 535 986
1,830 | 1,650 | 2,750 515 930
1,690 } 1,570 | 2,670 477 903
1,610 | 1,490 | 2,590 | 496 903
1,530 | 1,450 | 2,370 459 876
1,450 | 1,410 | 2,230 496 849
1,410 | 1,300 | 1,990 496 822
1,380 | 1,240 | 1,930 477 796
1,200 | 1,160 | 1,930 496 744
1,160 | 1,930 [ 1,610 477 744
1,240 1,880 | 1,610 496 744
1,300 | 1,08 | 1,570 496 744
1,380 | 1,040 | 1,490 459 744
1,530 | 1,040 | 1,450 459 744
1,530 | 1,020 | 1,410 441 744
1,570 986 1,270 441 719
1,690 1,200 424 719
1,830 903 | 1,100 42 719
1,930 876 | -1,020 822 515
1,830 822 958 903 496
1,880 822 876 | 1,100 477
1,930 822 8221 1,160 459
2,050 822 796 | 1,100 424
1,990 849 744 | 1,100 407
1,990 876 646 | 1,080 407
1,930 930 623 | 1,080 424
1,930 | 3,220 623 | 1,080 600
1,880 1 3,220 578 | 1,040 600
1,880 {........ 556 | 1,040 {.ococeen
NotE.—Discharge, Oct. 3 and 16, interpolated.
Monthly discharge of Chippewa River near Watson, Minn., for the year ending Sept. 30,
1916. .
[Drainage area, 1 940 square miles.]
- Disch: i cond-feet.
arge in Se e Run-oft
(depth in
Month. per | inches on
Maximum. | Minimum. | Mean. | square | drainage
tile. area).
564 342 502 0.259 0.30
422 358 392 .202 .23
3,950 2,050 2,660 1.37 1.53
2,050 1,160 1,690 .871 1.00
3,220 8 1,360 701 .78
3,120 556 1,560 .804 .93
1,160 424 2 . 352 .41
1,020 407 708 . 365 .41
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ST. CROIX RIVER AT SWISS, WIS.

Location.—Insec. 33, T. 42 N., R. 15 W., at highway bridge, near Swiss post office,
Burnett County, about 2 miles above the point where St. Croix River becomes
the boundary line between Wisconsin and Minnesota, 10 miles northeast of Dan-
bury, on Minneapolis, St. Paul & Sault Ste. Marie Railway. Namakagon River
enters from the left 3% miles above station.

" DRATNAGE AREA.—1,550 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1inch = 6 miles).

REecorps avarLaBLE.—March 20, 1914, to September 30, 1916.

Gace.—Cast-iron staff gage bolted to concrete pier at left end of bridge; read by
Capt. Richard Goldschmidt.

DrscHARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND CONTROL.—Gravel, smooth; grass grows to some extent during sum-
mer, causing a small amount of backwater at gage. Right bank high and not
subject to overflow; left bank of medium height and may possibly be overflowed
during extremely high stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year and period 1914
1916, 6.73 feet at 6.45a. m. April 22 (discharge, 8,480 second-feet); minimum dis-
charge, 720 second-feet, January 19-22, 1916.

Accuracy.—Stage-discharge relation practically permanent except as affected by
aquatic grass and ice. Two rating curves used during the year as follows: October
1to April 8, well defined between 950 and 3,970 second-feet; April 9 to September
30, fairly well defined between 1,000 and 7,500 second-feet. Gage read twice
daily, to quarter tenths. Daily discharge, except as noted below, ascertained by
applying mean daily gage heights to rating curve. Stage-discharge relation
affected by grass about October 1-15, and August 1 to September 30. Correc-
tions made to gage heights before rating table was entered. Stage-discharge rela-
tion affected by ice December 11 to April 8; discharge obtained by applying to
rating table mean daily gage heights corrected forice effect by means of discharge
measurements, observer’s notes, and weather records. Open-water records good
except for periods when grass was in channel, for which they are fair. Records
for winter fair.

Discharge measurements of St. Croix River at Swiss, Wis., during the year ending Sept.

30, 1916.
Date Made by— noight | charge || Dste Made by— Hoht | charge
Sec ft Sec -t
Dec. 314 955 || Apr. 23 , 380
Feb. 1q] 887 || June 15 2,210
Mar. 6a 836 || Aug. 28b 1,120

o Complete ice cover at measurin§ and control sections.
b Control obstructed by growth of aquatic plants.
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Daily discharge, in second-feet, of St. Croix River at Swiss, Wis., for the year ending Sept.

30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar, | Apr. | May. | June. | July. [ Aug. | Sept.
930 | 920| 850 1,920 3,570 | 2,770 | 3,450 | 1,200 | 1,100

20| 920| 850 | 2,020 3,330 | 2,550 | 3,330 | 1,160 | 1,100

890 890 840 | 2,120 | 3,100 | 2,350 | 3,210 | 1,430 | 1,070

865 890 840 | 2,220 | 2, 2,150 | 3,100 | 1,390 | 1,100

840 | 887 | 8401 2,320 2,770 | 2,050 | 2,770 | 1,310 | 1,160

840 | 887 | 835) 2,430 2,550 | 1,860 | 2,550 | 1,270 | 1,240

g15 | 8s7| 840 2,540 2,350 [ 1,770 | 2,250 | 1,390 | 1,470

1,340 | 1,380 | 790 | 887 865 2,590 | 2,350 | 1,770 | 1,950 [ 1,390 | 1,510
1,730 | 1,380 | 790 | 865 | 890 | 2,660 | 2,150 | 1,950 | 1,680 | 1,350 | 1,510
20120 | 1,300 | 790 | 865| 950 | 2,880 | 2,150 | 1,860 | 1,590 | 1,390 | 1,510
2,650 | 1,160 | 790 | 865| 980 | 3,330 | 2,050 | 1,860 | 1,550 | 1,470 | 1,510
3,840 | 1,130 | 790 | 865 | 1,010 | 4,230 | 1,950, | 1,860 | 1,470 | 1,470 | 1,510
3,230 | 1,100 | 790 | 890 1,040 | 4,800 | 1,860") 1,860 | 1,430 | 1,390 | 1,550
2,760 | 1,100 | 765 | 890 | 1,070 | 4,950 | 1,950 | 2,050 | 1,680 | 1,350 | 1,510
2,540 | 1,070 | 765 890 | 1,100 | 5,100 | 2,250 | 2,150 | 1,950 | 1,270 | 1,470
2,320 | 1,070 | 765 920 1,130 | 5,720 | 2,660 | 2,050 | 1,680 | 1,240 | 1,510
2,120 | 1,070 740 950 | 1,130 | 6,050 | 2,550 | 2,050 | 1,590 | 1,200 | 1,470
1,920 | 1,070 | 740 | 950 | 1,160 | 6,050 | 2,450 | 1,950 | 1,510 | 1,240 | 1,430
1,820 | 1,040 | 720 | 980 | 1,200 | 5,560 | 2,350 | 1,950 | 1,430 | 1,240 [ 1,350
1,730 | 1,040 | 720 | 1,010 | 1,200 | 6,910 | 2,250 | 1,860 | 1,350 | 1,270 | 1,350
1,690 [ 1,040 | 720 | 1,010 | 1,240 | 8,220 | 2,150 | 1,640 | 1,310 | 1,310 | 1,350
1,530 | 1,040 | 720 | ‘980 | 1,270 | 8,220 | 2,350 | 1,590 | 1,270 | 1,350 | 1,350
1,570 | 1,040 | 740 | 980 | 1,270 | 7,450 | 2,660 | 1,770 | 1,240 | 1,350 | 1,350
1,610 | 1,040 | 740 | 950 { 1,300 | 7,000 | 2,660 | 1,770 | 1,200 | 1,310 | 1,350
1,530 | 1,010 765 920 | 1,340 | 6,730 | 2,550 | 1,680 | 1,200 | 1,240 | 1,350
1,490 [ 1,010 | 765| 890 1,410 | 6,220 | 2,660 | 1,950 | 1,430 | 1,200 | 1,350
1,450 [ 1,010 [ 790 | 890 | 1,490 | 5,400 | 2,770 | 1,950 | 1,470 | 1,160 | 1,310
1,450 | 980 790 865 1,610 | 4,650 | 2,770 | 1,860 | 1,510 { 1,130 | 1,350
1,450 980 840 855 | 1,690 | 4,230 | 2,770 | 2,990 | 1,430 100§ 1,390
1,380 | 955 890 (....... 1,730 | 3,820 | 2,880 | 3,450 | 1,350 | 1,100 | 1,350
....... 955 920 [.......| 1, aeeeees]| 2,880 |.......] 1,270 070 |.......

Nore.—Stage-discharge relation affected by grass Oct. 1-15, Aug. 1 to Sept. 30; by ice Dec. 1 ta Apr. 8.

Monthly discharge of St. Crotx River at Swiss, Wis., for the year ending Sept. 30, 1916.

[Drainage area, 1,550 square miles.]

Discharge in second-feet.

Run-off

. (depth in

Month. Per inches on

: ini drainage

Maximum, | Minimum. | Mean. square
mile. area).

1,870 1,160 1,450 0.935 1.08
3,840 1,070 1,770 114 1.27
1,380 955 1,120 723 .83
920 720 797 .514 .59
1,010 855 912 .588 .63
1,820 835 1,150 .742 .86
8,220 1,920 4,610 2.97 3.31
3,570 1,860 2, 1.64 1.89
3,450 1,590 2,050 1.32 1.47
3,450 1,200 1,810 1.17 1.35
1,470 1,070 1,280 826 .95
1,550 1,070 1,360 877 .98
8,220 720 1,730 1.12 15.21
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ST. CROIX RIVER NEAR ST. CROIX FALLS, WIS.

Locarion.—Insec. 18, T. 34 N., R. 18 W., Polk County, at power plant of Minneapolis
General Electric Co., on Wisconsin side of St. Croix River near St. Croix Falls,
Wis., about 50 miles above the confluence of St. Croix and Mississippi rivers near
Hastings, Minn. Apple River, draining an area wholly in Wisconsin, enters from
the left about 20 miles below station; Snake River, draining an area in Minnesota,
enters from the right, 35 miles above station.

DRAINAGE AREA.—5,930 square miles.

RECORDS AvATLABLE.—January 10, 1902, to June 30, 1905; January 1, 1910, to Septem-
ber 30, 1916. Data for 1903 published in Water-Supply Paper 98, pp. 176-177,
under St. Croix River near Taylors Falls, Minn.

Discuaree.—Determination of discharge based on kiliwatt output of dynamo and
exciters plus flow over dam and spillway, considered as a weir.

ExTrREMES OF DISCHARGE.—Maximum mean daily discharge recorded during year,
35,100 second-feet, April 23; minimum mean daily discharge recorded, 740second-
feet, November 7.

1902-1905 and 1910-1916: Maximum mean daily discharge recorded, 35,100
second-feet, April 23, 1916; minimum mean daily discharge recorded, 75 second-
feet, July 17, 1910; the minimum discharge is not natural but caused by regulation.

REecuLaTION.—Low-water flow controlled by operation of gates of power plant and by
storage and release of water at Never’s dam several miles upstream.

Accuracy.—Records have not been checked, nor have discharge measurements been
made by engineers of the United States Geological Survey; probably reliable.

CoorerAaTION.—Records furnished by the Minneapolis Genera] Electric Co.

Daily discharge, in second-feet, of St. Croiz River near St. Croix Falls, Wis., for the year
: ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar, | Apr. | May. | June. | July. | Aug. | Sept.
3,300 {1,730 | 1,780 [ 2,070 | 8,740 | 20,700 | 8,740 | 21,500 | 3,220 | 2,450
3,32011,030 | 1,870 | 2,020 | 11,700 | 20,200 { 8,600 | 19,300 | 3,180 | 2,500
3,060 | 2,380 | 2,210 | 2,040 | 14,800 | 20,000 | 8,100 19,700 | 3,170 | 2,340
3,030 ] 2,300 | 1,860 | 3,080 | 16,400 | 19,500 | 6,180 | 16,800 | 2,550 | 2,330
1,060 | 1,780 | 2,340 | 1,410 | 19,000 | 18,500 | 5,630 | 15,700 | 2,200 | 2,380
2,960 | 2,090 | 1,610 | 1,330 | 17,900 | 17,500 | 4,100 | 12,700 | 2,29Q,| 2,500
3,100 | 2,000 | 1,740 | 1,790 | 18,400 | 17,100 | 7,420 | 8,980 | 2,670 | 3,300
3,110 § 2,450 | 1,910 ! 1,820 | 17,600 | 17,000 | 5,340 | 6,450 | 3,320 | 2,950
4,230 | 1,490 | 1,910 | 1,840 | 16,300 | 12,400 | 6,230 | 8,940 | 3,550 | 3,090
4,490 | 1,120 | 2,000 | 1,840 | 15,800 | 12,400 | 6,400 | 7,810 | 3,350 | 2,590
3,120 | 2,010 | 1,940 | 2,770 | 14,000 | 9,660 ( 3,820 | 6,080 | 3,220 [ 3,050
1,210 1 1,780 | 2,510 | 1,190 | 12,700 { 6,100 | 5,710 | 4,680 | 2,970 | 3,740

,940 | 1,810 | 1,330 | 1,560 | 13,700 | 5,090 | 5,600 | 4,110 | 2,260 | 3,220
3,710 | 1,860 | 1,610 | 1,820 | 15,300 | 3,300 | 6,330 | 3,880 | 2,900 | 3,820
2,070 | 2,090 | 1,940 | 1,920 | 18,200 | 4,920 | 6,510 | 4,070 | 2,980 | 3,230
2,140 | 1,410 | 2,100 | 1,940 | 20,100 | 8,460 | 6,550 | 5,350 | 2,980 | 3,630

,180 | 1,720 | 1,890 1 1,920 | 25,100 { 9,930 | 7,500 { 4,190 | 2.240 | 2,630
2,490 11,640 | 1,980 | 2,320 | 29,600 | 9,650 | 6,370 | 3,970 | 2,860 [ 3,530
1,180 | 1,850 | 2,550 { 1,150 | 29,500 1 9,990 | 6,190 | 4,020 | 2,57 3,730
2,280 | 1,700 ( 1,520 | 1,650 | 30,000 | 14,100 { 6,430 | 4,010 | 2,300 | 3,640
1,880 | 1,680 | 2,010 } 1,960 | 31,600 | 12,300 | 5,080 | 3,940} 2,910 3,300
1,950 | 2,500 | 2, 2,070 | 35,000 | 12,600 | 5,200 ; 3,840} 2,950 | 3,180
2,520 1 1,290 | 2,210 { 2,140 | 35,300 | 15,800 | 5,570 | 1,740 | 2,570 | 3,340
2,720 | 1,620 | 2,140 | 2,300 | 34,500 , 800 ,650 | 3,400 | 2,890 | 2,500
1,480 | 1,790 | 2,120 | 3,000 | 31,500 | 18,300 | 7,630 | 3,050 | 3,200 | 3,300

921 | 1,850 | 2, 550 763 | 30,400 | 20,000 | 6,430 | 2,900 | 3,030 | 3,060
2,540 | 1,860 | 1,420 | 2,240 { 27,800 | 17,700 6,220 | 3,210 2,630 | 3,060

, 1,770 | 2,330 { 2,590 | 26,500 | 16,500 | 6,260 | 3,210 | 2,980 | 3,100
2,150 | 2,180 | 2, 3,040 | 25,100 | 15,200 | 10,200 | 3,060 | 2,800 | 3,010
2,150 | 1,520 [....... 4,290 | 23,200 | 12,700 | 17,200 | 2,340 | 2,450 | 2,590

s 1,510 [....... 5,030 [........ 12,700 |........ 3,110 | 2,460 |.......

Nore.—Discharge computed by the Minneapolis General Electric Co. See “Discharge” in station
deéscription.
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Monthly discharge of St. Croix River near St. Croix Falls, Wis., for the year ending Sept.

30, 1916.
[Drainags area, 5,930 square milss.]
Discharge in second-feet.

i ge in secon Run-off

(depthin

Month. : Per xglch'es on

. . ainage

Maxiraum. | Minimum. | Mean. S&%ﬁre.e area).

4,180 1,450 3,080 0.519 0.60
11,200 740 5,480 .924 1.03
4,490 921 2,560 <432 .50
2, 500 1,030 1,800 .304 35
2, 550 1,330 1,980 .334 36
5,030 763 2,160 .364 42
35, 100 8,740 22,200 3.74 4.17
20, 700 3,300 13, 800 2.33 2.69
17,200 3,820 6,770 1.14 1,27
21,500 1,740 6,970 1.18 1.36
3, 550 2,200 2,830 477 .55
.- 3,820 2,330 3,040 .513 .57
Mhe year. .. o.ooveie e 35,100 740 6,040 1.02 13.87

Nore.—Monthly and geaﬂy discharge comguted by engineers of the U. 8. Geol. Survey from records of
daily discharge furnished by the Minneapolis General Electric Co.

NAMAKAGON RIVER AT TREGO, WIS.

LocatioN.—In sec. 35, T. 40 N., R. 12 W., Waghburn County, at Chicago & North-
western Railway bridge at Trego, about 20 miles above confluence of Namakagon
and Totogatic rivers.

DRAINAGE AREA.—420square miles (measured on map issued by Wisconsin Geological
and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

RECORDS AVAILABLE.—March 11, 1914, to September 30, 1916.

Gaee.—Enameled staff fastened to retaining wall, left bank of river, just above rail-
road bridge; read by G. E. Krenz.

Di1scHARGE MEASUREMENTS.—Made from lower chords of railroad bridge.

CHANNEL AND coNTrROL.—Coarse gravel; free from vegetation; banks medium high
and not subject to overflow. Small island downstream with rapids on either
gide forms the control; channel fairly permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 3.0 feet April 23
(discharge 1,330 second-feet); estimated minimum discharge, 308 second-feet
during February and March.

1914-1916: Maximum stage recorded, 3.0 feet April 23, 1916 (discharge, 1,330
second-feet); minimum discharge, 264 second-feet, recorded by current-meter
measurement made March 11, 1915.

Accuracy.—Stage-discharge relation permanent, except for ice. Rating curve well
defined between 330 and 1,330 second-feet. Gage read once daily to half tenths.
Daily discharge ascertained by applying daily gage heights to rating table, except
for period in which stage-discharge relation was affected by ice, for which it was
obtained by applying to rating table daily gage heights corrected for ice effect
by means of discharge measurements, observer’s notes, and weather records.
Records good for open-water periods; for winter periods fair.
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Discharge measurements of Namakagon River at Trego, Wis., during the year ending
Sept. 30, 1916.

[Made by E. L. Williams.]

Gage Dis- Gage Dis-
Date. height. | eharge. Date. hetght. | charge.
Feet. Sec.-ft. Feet. Sec.-ft.
2.60 350 || APT.13. .., 2.82 1,180
2.64 369 |sJUune 16........oeiianiaaa. 2.09 668
2.35 310 ’

¢ Complete ice cover at measuring and control section.

Daily discharge, in second-feet. of Namakagon River at Trego, Wis., for the year ending
Sept. 30, 1916.

Day. Oct. | Nov. | Dec, | Jan. | Feb. | Mar, | Apr. | May. | June. | July. | Aug. | Sept.

417 564 472 340 417 369 532 | 1,020 698 | 1,020 417 417
1, 820 664 873 417 417
4

944 597 873 417 369
873 597 733 444 472

472 698 417 330 417 332 250 698 532 417 532
16, .l 444 664 417 332 417 332 | 1,170 664 532 444 502
B 444 597 412 334 417 332 | 1,170 733 597 502 417 502
. 472 597 408 336 428 350 | 1,170 768 597 472 417 472
0. 472 444 403 338 440 369 | 1,170 733 597 472 444 472
. 532 472 398 343 416 369 | 1,170 664 532 472 472 472
b 417 444 393 347 393 369 | 1,170 698 502 417 472 502
22 472 444 387 352 380 417 | 1,330 698 472 417 472 532
2B 472 564 381 356 369 472 | 1,330 733 597 417 472 532
b T 444 532 375 362 369 532 | 1,330 664 664 369 472 502
s T 502 472 369 369 369 502 | 1,330 698 597 369 444 472
P 444 564 367 373 338 472 | 1,170 698 597 597 417 502
./ 444 532 364 377 308 534 | 1, 733 664 597 417 472
28 444 532 359 381 338 597 | 1,020 698 664 532 417 597
29t 444 502 354 385 369 534 | 1,020 733 768 502 417 597
30..eell 417 444 350 389 f....... 472 | 1,020 768 768 472 417 597
7 S 417 |....... 345 393 |...n..n 502 |....... 733 feenn. 369 a7 |.......

No’rE.—-Stage-dischgégﬂ relation affected by ice Dec. 16 to Mar. 24. Discharge, Mar. 25, 27,
29, and 31, interpolated.
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Monthly discharge of Namakagon River at Trego, Wis., for the year ending Sept. 80, 1916.

[Drainage area, 420 square miles.]

is in second-feet.
Discharge in second-feet Run-off
(depth in
Month. ! Por igc 1eS On
: < rainage
Maximum. | Minimum. | Mean. sgthzge aroa).
* 57 417 42| 115 1.33
768 393 545 1.30 1.45
532 345 435 1.04 1.20
393 322 345 821 .95
440 308 377 898 97
597 308 386 920 1,06
1,330 532 1,030 2.45 2.73
1,020 664 773 1.84 2.12
768 472 630 1.50 1.67
1,020 369 5568 1.33 1.53
502 417 440 1.05 1.21
597 369 509 1.21 1.35
1,330 308 542 1.29 17. 56

EETTLE RIVER NEAR SANDSTONE, MINN.

Location.—Near south line of sec. 34, T. 43 N., R. 20 W, at quarries of Barber As-

phalt Co. at Banning, 3 miles above Sandstone, Pine County.

DRrAINAGE AREA.—825 square miles.

RECORDS AVAILABLE.—OQOctober 18, 1908, to September 30, 1916.

Gage.—Vertical staff, in two sections, bolted to rock wall on right bank of river,
about 300 feet above the steam power house of the Barber Asphalt Co.; read by
F. L. Betts.

DiscHARGE MEASUREMENTS.—Made from highway bridge, about a mile above gage.

CHANNEL AND cONTROL.—Solid rock; a decided rapids 50 feet downstream from gage
form a permanent control.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 7.7 feet April 24
(discharge, 10,600 second-feet); minimum open-water stage recorded, 1.3 feet,
October 1-4, 1915 (discharge, 112 second-feet).

1908-1916: Maximum stage recorded, 7.7 feet, April 24, 1916 (discharge, 10,600
second-feet); minimum stage recorded, 0.7 foot, November 30, 1912 (discharge,
about 12 second-feet).

Ice.—Stage-discharge relation seriously affected by ice; not, however, for so long a
period as at most gaging stations in the same latitude, owing to the fact that a
decided rapids about 50 feet below the gage constitutes the control. The pub-
lished discharge for winter periods in which the open-channel rating curve is not
applicable has been based on gage readings and a comparison of the records with
those for Snake River.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined from 52 to 5,940 second-feet, above 5,940 second-feet it is an
extension. Gage read daily to quarter tenths. Daily discharge ascertained by
applying daily gage heights to rating table except for period during which stage-

.discharge relation was affected by ice. Recordsobtained by use of rating table
good; other records fair.

The following discharge measurement was made by S. B. Soule:
April 26, 1916: Gage height, 6.55 feet; discharge, 5,960 second-feet.
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Darly discharge, in second-feet, of Kettle River near Sandstone, Minn., for the year ending
Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
112 233 | 1,300 330 | 2,200 | 1,700 | 4,370 136 160
112 216 | 1,260 442 {2,090 { 1,610 | 3,870 124 148
112 186 | 1,170 515 | 1,990 | 1,520 | 3,380 112 136
117 160 | 1,130 592 | 1,890 | 1,430 | 2,880 112 136

160 | 1,040 675 | 1,800 | 1,340 | 2,390 124 148

136 953 800 | 1,700 ] 1,170 } 1,890 136 148

136 865 1,010 | 1,610 | 1,050 | 1,430 136 160

160 800 1,260 | 1,520 935 | 1,090 160 160

330 724 1,520 | 1,520 865 865 148 148

330 954 |- 648 1,700 | 1,520 768 800 136 186
1,580 565 2,200 | 1,610 705 735 124 288

2,200 515 3,670 | 1,610 675 705 112 288
2,090 465 4 1,520 735 648 101 330

2,090 442 4,370 | 1,610 [ 1,340 565 90 375

1,990 420 4,570 | 1,700 | 1,610 540 90 375

376 1 1,990 390 80 85 110 | 4,570 | 2,200 | 1,520 5156 90 420
375 | 1,890 360 4,570 | 3,230 | 1,210 465 90 398
375 | 1,890 330 4,570 | 3,230 | 1,170 442 136 375
375 | 1,890 316 4,570 | 2,690 | 1,130 420 124 375
375 | 1,890 302 5,040 | 2,560 | 1, 375 112 330
375 | 1,890 288 9,250 | 2,820 | 1,050 352 112 288
375 | 1,800 250 9,700 , 3,000 | 1,010 330 288 269
375 | 1,700 250 10,200 | 5,040 935 288 288 250
375 | 1,700 242 10,600 | 4,370 865 269 269 250
330 | 1,700 233 8, 4,000 865 250 250 250
330 | 1,610 216 5,610 | 3,600 | 1,010 216 233 233
, 520 216 4,370 | 3,000 | 1,340 216 216 216

288 | 1,430 216 3,370 | 2,690 [ 1,520 201 186 201
288 | 1,390 201 2,440 | 2,320 | 2,090 186 | 4160 216
269 | 1,340 186 2,200 | 2,090 | 3,520 173 160 216
250 |....... W) . 1,890 |....... 160 160 |.......

Nore.—Discharge Jan. 1 to Mar. 31, estimated because of ice, from gage heights, observer’s notes, weather
records, and comparison with records of Snake River near Pine City. No gage-height records available
Oct. 5-15, Nov. 10, 11, 29, 30, Dec. 1, 5, 6, 9, 16, 17, 19, 20, 24, May 21, 26, July 2-5 and 21; discharge interpo-
lated for these dates except Oct. 5—15, for which ciischa.rge was determined from a study of precipitation
records. Braced flgures show mean discharge for periods indicated.

Monthly discharge of Kettle River near Sandstone, Minn., for the year ending Sept.30,1916.

[Drainage area, 825 square miles.]

Discharge i -feet.

arge in second-fe Run-off

(depth in

Month. Por inches on

Maximum. | Minimum. | Mean. | square d;‘;g’;)’g“

mile. ‘

October. . L i 375 112 306 0.371 0.43
November. . ... ... 1,280 1.56 1.73
........... . 531 .644 .74
........................ 80 .097 11
85 .103 .11
.......... 110 .133 .15
3,920 4.75 5.30
2,410 2.92 3.37
. 1,260 1.53 1.71
JULY i 4,370 160 1, 1.21 1.40
August.....o...Liil.ol.. 288 90 152 .184 .21
September......ome et 420 136 249 . 302 .34
The year. . ..coirie it iiiie i, 10, 600 80 945 1.15 15. 60
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SNAKE RIVER NEAR PINE CITY, MINN.

Locarron.—TIn sec. 26, T. 39 N., R. 21 W., at Changwatana power station of Eastern
Minnesota Power Co., 600 feet below dam belonging to that company, 3,500 feet
below Cross Lake, 2 miles below Pine City, Pine County, and about 11 miles
above the mouth.

DRAINAGE AREA.—915 gquare miles.

RECORDS AVAILABLE.—June 26, 1913, to September 30, 1916.

Gaee.—Staff gage attached to stone retaining wall in front of the power plant on the
left bank of river; read by E. W. Barnum and other employees of the Eastern
Minnesota Power Co. This gage is used for determining flow over dam during
periods when all of the flow does not-pass through the turbines.

DiscHARGE MEASUREMENTS.—At low and medium stages made by wading; at high
stages from bridge about 1,800 feet above gage. )

CHANNEL AND CONTROL.—Bed composed of rock and heavy gravel. Banks in the
vicinity of the gage high; not subject to overflow. Zero flow at stage of 0.2 foot.

DETERMINATION OF FLOW.—Flow determined by adding to the flow through the
turbines the flow over the crest to the dam as obtained from readings of the staff
gage in the river below the dam. The flow through the turbines is computed
from hourly records of the gate openings and head.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 5.40 feet at 8 a. m.
April 25 (discharge, 7,070 second-feet); at the same time 245 second-feet passed
through the power plant, making the total discharge of the river 7,315 second-feet;
minimum mean daily discharge recorded, 55 second-feet January 23.

1913-1916: Maximum stage recorded, 5.40 feet at 8 a. m. April 25, 1916 (dis-
charge, 7,070 second-feet); at the same time 242 second-feet passed through the
power plant, making the total discharge of the river 7,315 second-feet; minimum
mean daily discharge, 33 second-feet February 11, 1914.

Ice.—All the water goes through the wheels in winter; flow estimated from gate open-
ings and head.

REecuraTioN —Power plant at station is operated with a varying load for light and
power, causing daily and weekly fluctuations in discharge at low stages. No
appreciable regulation above plant.

Accuracy.—When the flow is less than 200 second-feet, the greater part passes
throngh the power plant and is estimated from turbine gate openings and head
on the wheels, an hourly record of which is kept at the plant; records only fair.
As the volume of flow increases a large portion passes by the plant as waste; this
portion is determined from gage heightsread from a gage in the river opposite the
power plant. Stage-discharge relation for river gage permanent. Rating curve
well defined throughout. Gage read every four hours to hundredths. Daily dis-
charge not passing through power house ascertained by taking the mean of the
results obtained by applying each of the 6 daily gage heights to the rating table.
Records for this portion of the discharge excellent. Records of total flow at
station range from fair for low stages to excellent for high stages.

CooreraTION.—Hourly records of gate openings of turbines and head and readings of
river gage are furnished by the Eastern Minnesota Power Co. Results for last part
of current year computed by employees of the company by means of the rating
curves prepared by the United States Geological Survey. Computations have
been checked by the Survey.
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Discharge measurements of Snake River near Pine City, Minn., during the year ending
Sept. 30, 1916.

. Ga Dis-
Date. Made by— height. | charge.
Feet. Sec.-t.
Apr. 4| O. Christianson. . ....coeo e it civaaeeane 3.86 3,410
25 | 8. BuBOUI6 - oo ot aeeaaan 5.87 6,990

Note.—Discharge shows the flow past the river gage; flow through power plant not included.

Daily discharge, in second-feet, of Snake River near Pine City, Minn., for the year ending
Sept. 80, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. ; May. | June. | July. | Aug. | Sept.

107 276 442 106 79 102 751 | 3,240 | 2,810 | 2,560 281 322
95 89 102 | 1,530 | 2,740 | 2,300 | 3,200 253 283

63 255 390 115 89 94 | 2,690 | 2,380 | 1,920 | 3,720 229 186
131 247 359 115 90 98 | 3,670 | 2,060 | 1,620 | 3,810 211 268
148 241 323 113 96 65 | 4,990 | 1,810 | 1,390 | 3,730 198 248

143 248 322 113 69 100 | 5,600 | 1,560 | 1,190 | 3,200 140 253
211 125 314 111 100 106 | 5,750 | 1,370 | 1,060 | 2,710 202 243
238 278 249 110 96 100 | 5,280 | 1,340 931 | 2,230 196 244
272 243 264 78 91 94 | 4,620 | 1,120 839 | 1,830 186 239
268 278 270 110 94 86 | 4,080 | 1,100 784 | 1,490 226 137

441 959 116 78 72 99 4:520 2,140 659 378 151 448
423 759 124 73 100 112 | 5,220 | 2,250 627 202 252 454

6342°—18—wsp 435——6
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Monthly discharge of Snake River near Pine City, Minn., for the year ending Sept. 30,
1916.

[Drainage area, 915 square miles.]

ischarge in second-feet.
b © on Run-off
(depthin
Month. Per inches on
Maximum. | Minimum. | Mean. | square | drainage
mile area).
475 316 0.345 0.40
1,190 125 623 .681 76
4 72 208 227 26
115 55 92 101 12
110 69 95 104 11
479 61 117 128 15
7,240 751 4,460 4.87 5.43
6,440 759 2,670 2.92 3.37
2, 810 542 973 1.06 1.18
3,810 166 1,240 1.36 1.57
438 115 252 275 32
454 137 311 340 38
7,240 61 944 1.03 14.05

APPLE RIVER NEAR SOMERSET, WIS.

Locarion.—In sec. 21, T. 31 N., R. 19 W., St. Croix County at power plant of St.
Croix Power Co., 3} miles below Somerset, and 2 miles above mouth of river.
DRAINAGE AREA.—B50 square miles. (Measured on map issued by Wisconsin Geolog-

ical and Natural History Survey, edition of 1911; scale, 1 inch="6 miles.)

Recorps AvAILABLE.—January 1901, to September 30, 1916.

Gace.—Vertical staff gage; not used in determination of flow.

DiscuarGE.—Discharge of the turbines in second-feet corresponding to the number of
kilowatts is determined for each hour during the day from a record of the number
of wheels in operation and the load; the sum of the discharge divided by 24 gives
the average discharge through the turbines. To this quantity isadded the leakage
through the average number of wheelsidle each day, thesum giving the daily flow
through the power house. Water is seldom wasted over the spiliway of the dam,
but when it is so wasted the quantity is computed from weir formulas and added
to the flow through the plant. There is a constant leakage through the gate and
flashboards amounting to 3 second-feet. This quantity has not been taken into
consideration in determining the published records.

EXTREMES OF DISCHARGE.—Maximum mean daily discharge recorded during year,
1,800 second-feet, April 23; minimum mean daily discharge, 58 second-feet,
July 30.

1904-1916: Maximum mean daily discharge, 2,280 second-feet, in June 1905;
minimum mean daily discharge, 38 second-feet, May 10, 1910. Due to regulation
the minimum discharge has no bearing on the natural minimum flow. No max.
imum and minimum records are available for 1901 to 1903.

RecuraTiOoN.—There are a number of power plants on Apple River above station
The pondage of these plantsis small, and though the daily flow may be controlled
to some extent the mean monthly flow probably corresponds closely to the natural
flow,
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Accuracy. From 1901 to 1909 the discharge through the plant was determined from

tables computed from data collected as tests on one of the turbines made at the
flume of the Holyoke Water Power Co., Holyoke, Mass: During the summer of
1909 engineers of the St. Croix Power Co. made tests on the water flowing through
all the wheels as actually installed by means of a sharp-crested weir 710 inches
long about 60 feet below the power house. These tests gave results about 3 per cent
larger than the Holyoke tests, and tables based on them have been used in deter-
mining the discharge through the plant from 1909 to 1916. During June 1914 a

_ geries of current-meter measurements were made by the Wisconsin Railroad Com-
mission and United States Geological Survey, and a rating curve for the tailrace
was developed. Twelve tests were then run with different wheels and loads.
It was found that the discharge as determined by the current meter and the dis-
charge as ascertained by the company agreed very closely, the percentage differ-
ence for the twelve tests ranging from —6.4 to +1.8 per cent, with an average of
—2.0 per cent; the discharge as determined by the company being 2 per cent less
than that determined by the current meter.

Cooreration.—Records furnished by the St. Paul Gas Light Co. of St. Paul, Minn.,

Mr. Fred A. Otto, superintendent.

Daily discharge, in second-feet, of A]gple River near Somerset, Wis., for the year ending

ept. 80, 1916.

Day. Oct. | Nov.| Dec. | Jan. | Teb. | Mar. | Apr. | May, | June. | July. | Aug. | Sept.

251 233 297 231 206 253 | 1,110 | 1,010 644, 525 193 200
255 264 280 154 215 219 | 1,520 941 601 569 175 257
212 278 279 247 2798 242 | 1,590 826 619 583 172 194
305 287 317 257 209 231 {1,700 | - 799 610 596 209 193
239 291 239 213 236 207 { 1,740 738 547 13 314 207

257 251 318 207 187 276 | 1,550 767 551 677 239 230

341 301 249 203 251 242 775 655 480 4841 266 255

.............. 250 292 233 185 271 614 | 1,120 700 457 331 312 288
. P 322 274 230 286 212 848 11,130 645 485 395 225 283
30 el 247 291 222 154 f....... 953 | 1,110 610 466 58 141 344
) SO 347 |l 256 230+....... 1,060 |....... 659 [....... 271 201 ...

NorE.—See note under “Discharge’ in station description for account of method by which records are

obtained.



84 SURFACE WATER SUPPLY, 1916, PART V.

Monthly discharge of Apple River near Somerset, Wis., for the year ending Sept. 30, 1916.

[Drainage area, 550 square miles.]-

. . foet,

Discharge in second-feet. Run-oft

(depthin

Month. Por inches on

Maximum. | Minimum. | Mean. | square dtagg‘ge

mile .

October. ....... e e 390 212 300 0. 545 0.63
November. .. _........._............ . 411 141 310 . 564 .63
December.... ... 318 106 252 . 458 .53
January...... 286 154 215 .391 .45
February.. 288 187 232 422 46
arch. 1,060 207 359 653 75
April 1,800 733 1,210 2.20 2.46
May. 1,010 465 633 1.24 1.43
June. 644 415 498 905 1.01
Jaly. oo .. 713 58 444 807 93
August.. .. 345 116 241 438 50
September. ... ... ... 344 100 247 449 50
The Jear. . ... eee e e eeeeeee 1,800 58 415 .754 10.28

NotTE.—Monthly and yearly discharge determined by engineers of the U. 8. Geol. Survey from records of
daily discharge furnished by the St. Paul Gas Light Co.

CHIPPEWA RIVER AT BISHOP'S BRIDGE, NEAR WINTER, WIS.

LocaTion.—In sec. 23, T. 39 N., R. 6 W., at highway bridge about 3 miles down
stream from the East Fork of Chippewa River (coming in from the left) and 4
miles by road northwest of Winter, Sawyer County.

DRAINAGE AREA.—T775 square miles (measured on map issued by Wisconsin Geol.
and Nat. Hist. Survey, edition of 1911; scale, 1 inch = 6 miles).

Recorps AvammasLe.—February 23, 1912, to September 30, 1916.

Gage.—TFrom February 23, 1912, to January 27, 1914, a wooden staff gage fastened
to a wooden pier on the right bank immediately above bridge. January 27,
1914, to May 28, 1916, a vertical cast-iron staff gage fastened to the same pier
with the zero 3.44 feet below the zero of the wooden gage. Since May 28, 1916,
chain gage fastened to highway bridge 60 feet below the cast-iron staff gage, and
at the same datum; read by John Edberg.

DiscHARGE MEASUREMENTS.—Made from downstream side of highway bridge.

CHANNEL AND CONTROL.—Bed composed of gravel, free from vegetation, and not
subject to shift. Control, head of rapids about, 1,000 feet below gage; practically
permanent. One channel at all stages; banks not subject to overflow.

ExTREMES oF DIsSCHARGE.—Maximum stage recorded during year, 9.56 feet at 8 a. m.
April 22 (discharge, 6,940 second-feet); estimated minimum discharge, 238 second-
feet, January 18.

1913-1916: Maximum stage recorded, 9.56 feet, April 22, 1916, (discharge,
6,940 second-feet); minimum discharge, 200 second-feet, recorded by discharge
measurement February 23, 1912.

Recuramion.—Flow modified to some extent by operation of storage reservoir, in
sec. 14, T. 41 N., R. 6 W., about 16 miles gbove station. This reservoir has a
capacity of 550,000,000 cubicfeet and is used in connection with reservoirs on
the Upper Flambeau River, for the purpose of regulating the flow of the Chippewa
River.
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Accuracy.—Stage-discharge relation permanent except as affected by ice during
Rating curve well defined between 270 and 6,820 second-feet.
read to hundredths twice a day. Discharge ascertained by applying mean daily
gage heights to rating table, except for period in which stage-discharge relation
was affected by ice, for which it was obtained by applying to rating table mean
daily gage heights corrected for ice effect by means of discharge measurements
observer’s notes, and weather records. Record good for open-water periods;
for winter period fair.

winter.

Discharge 'measurements o

Gage

Chippewa River at Bishop’s bridge, near Winter, Wis.,
uring the year ending Sept. 30, 1916.

[Made by E. L. Williams.]

Gage Dis- Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge. Date. height. | charge.
Feet. | Sec.fl. Feet. | Secot. Feet. | Sec.ft.
5.62 304 9.27 6,370 4.94 571
6.01 304 5.80 1,260 5.08 632

a Made through complete ice cover.

Daily discharge, in second-feet, of Chippewa River at Bishop’s bridge, near Winter, Wis.,
Jfor the year ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb, | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

75 304 389 305 810 | 3,400 | 1,050 { 1,980 380 | - 380
690 311 364 305 885 | 3,260 | 1,050 | 1,680 360 360
760 304 252 306 030 { 3,120 | 1,000 | 1,520 340 360
€02 297 333 305 | 1,020 | 2,840 | 1,200 | 1,520 340 360
500 290 318 305 | 1,120 | 2,700 | 1,250 | 1,460 322 380
500 277 318 310 | 1,220 | 2,570 | 1,100 | 1,150 322 455
500 273 340 320 | 1,330 | 2,310 960 { 1,000 322 675
500 257 352 330 | 1,440 | 1,860 | 1,000 790 322 960
525 257 372 340 | 1,680 | 1,620 | 1,150 675 340 | 1,150
550, 257 | 368 | 340 (1,740 {1,740 | 1,150 | 610 | 340 | 1,250
475 257 356 345 | 1,860 ( 1,800 | 1 050 555 340 | 1,300
525 270 368 350 | 2,050 | 1,570 | 1,000 530 340 | 1,250
500 257 360 360 | 2,570 [ 1,350 | 960 480 | 340 ,300
500 260 356 370 | 3,120 | 1,300 | 1,150 455 340 | 1,250
495 257 336 380 | 3,540 | 1,400 | 1,300 455 322 | 1,200
490 251 340 385 | 3,820 | 1,570 | 1,200 455 | 322 | 1,100
485 244 352 390 | 4,100 | 1,570 | 1,150 430 3221 1,000
4801 238 | 475| 400 | 4,100 1,570 | 1,150 | 430 340 915
478 256 470 410 | 4,100 | 1,620 | 1,100 405 340 790
475 | 256 465 425 | 4,410 | 1,620 | 1,050 430 | 380 750
462 264 450 | 5,660 | 1,570 | 1,000 380 430 710
450 270 475 1 6,820 | 1,680 960 340 505 675
432 270 500 | 6,620 { 1,740 960 322 640 675
425 | 284 550 | 6,620 | 1,520 | 960 | 322 | 675 640
415 287 575 | 6,620 | 1,300 915 |. 340 640 640
395 301 600 | 6,040 | 1,300 | 1,050 530 610 640
380 304 630 | 5,280 | 1,300 | 1,250 555 555 675
365 344 660 | 4,410 | 1,250 | 1,100 555 505 675
352 364 €90 | 4,100 | 1,150 | 1,460 530 455 790
330 380 725 | 3,680 | 1,150 | 1,860 455 430 830
304 450 760 |....... 1,100 |....... 405 405 |..vnnn .

Note.—Stage-discharge relation affected by ice Dec. 13 to Apr. 8.
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Monthly discharge of Chippewa River ot Bishop’s bridge, near Winter, Wis., for the year
ending Sept. 80, 1916.

[Drainage area, 775 square miles. ]

Discharge in second-feet. Run-off

'(delgth in

Month. inches on

. . Per drainage

Maximum. | Minimum. | Mean. square area).
mile.

1,560 602 1,060 1.37 1.58
1,020 475 702 . 906 1. (31
760 304 481 L0621 .72
450 238 287 .37 .43
475 318 376 485 .52
760 305 450 . 581 .67
6,820 810 3,390 4.37 4.88
3,400 1,100 1,800 2.32 2.68
1,860 915 1,120 1.45 1.62
1,980 322 701 L9035 1.0¢
675 322 407 . 525 .61
1,300 360 804 1.04 1.16
The year..co.e oo iinn ot 6,820 238 961 1.24 16.92

CHIPPEWA RIVER NEAR BRUCE, WIS,

LocarioN.—In sec. 4, T. 35 N., R. 7 W., Rusk County, at the Minneapolis, St. Paul
& Sault Ste. Marie Railway bridge 1 mile east of Bruce. Thornapple River
enters from the right immediately above station and Flambeau River from the
right about 21 miles below.

DRAINAGE AREA.—1,600 ! square miles (measured on map issued by Wisconsin
Geological and Natural History Survey, edition of 1911; scale- 1 inch=6 miles.)

REcorDS AVAILABLE.—December 31, 1913, to September 30, 1916.

GaaceE.—Chain gage, attached to downstream side of Minneapolis, St. Paul & Sault
Ste. Marie Railway bridge; read by H. C. Gardner.

DISCHARGE MEASUREMENTS.—Made from downstream side of bridge to which gage
is attached.

CHANNEL AND CONTROL.—Bed composed of sand and small gravel; free from vegeta-
tion; first and second channels from the west fairly permanent; third channel,
nearest east bank, has a tendency to fill during low stages with sand worked in
by Thornapple River. Flow, except during extremely high stages is confined
within the banks.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 12.3 feet at 5.45

- p. m., April 22 (discharge, 18,400 second-feet); minimum discharge estimated at
518 second-feet, February 28.

1910-1916: Maximum stage recorded, 12.3 feet at 5.45 p. m., April 22, 1916
(discharge, 13,400 second-feet); minimum discharge recorded by measurement
made March 5, 1914 (discharge, 405 second-feet). It is likely that a minimum
of approximately 350 second-feet occurred during the last part of February, 1914.

REecuratioN.—Flow modified to some extent by reservoir on the West Fork of Chippe-
wa River, incec. 14, T. 41 N., R. 6 W. This reservoir has a capacity of 550,000,000
cubic feet and is used in connection with reservoirs on Upper Flambeau River
to regulate flow of Chippewa River. No diurnal fluctuation is observed.

1 Revised since Water-Supply Paper 405 was published.
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Accuracy.—Stage-discharge relation not permanent; affected by ice during winter

periods and changes caused by shifting control during periods of low water.
Rating curves applicable as follows: October 1 to December 9 poorly defined;
April 12 to July 15 well defined from 1,740 to 13,400 second-feet; July 16-31
and August 1-20, poorly defined; August 21 to September 30, fairly well defined
between 650 and 2,050 second-feet and poorly defined outside these limits. Gage
read to quarter tenths twice daily. Daily discharge ascertained by applying
mean daily gage heights to rating table, except for the period in which stage-
discharge relation was affected by ice, for which it was obtained by applying
to rating table mean daily gage heights corrected for ice effect by means ofidis-
charge measurements, observer’s notes, and weather records. Records good
for periods for which rating curves are well defined; fair for other periods; winter
records poor.

Discharge measurements of Chippewa River near Bruce, Wis., during the year ending

Sept. 30, 1916.

[Made by E. L. Williams.]

Gage Dis- Gage | Dis- Gage Dis-
Date. height. | charge. Date. height. | charge. Date. height. [charge.
Feet. | Sec.ft. Feet. | Sec.t. Feet. Sec-ft.
6a....... 3.08 629 || Mar. 1la. .. 3.50 549 || June 17........ 4,08 2,760
Feb. 3a... 3.28 569 | Apr. 23.. 12.10 | 13,000 || Aug. 29b...._.. 2.17 763

a Complete ice cover at measuring and control section.
b Made by wading 200 feet below gage.

Daily discharge, in second-feet, of C’hé'ppe'wa River near Bruce, Wis., for the year ending .
e

pt. 80, 1916.

Day. Oct. | Nov, | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
574 | 570 548 | 5,880 | 6,240 | 2,120 | 7,230 845 690
608 | 568 ( 560 |8,120| 5,650 | 2,590 | 5,650 808 650

569 567 | 8,240 | 5,190 | 3,360 | 4,000 845
640 | 6550 | 574 | 8,240 | 4,970 | 3,060 | 4,200 | 885 615
636 581 | 8,480 | 4, 2,880 | 2,780 615

536 595 | 7,040 | 4, 2,500 | 2,400 | 845 0
630 0| 602 (5,880 (3,870 2,210 [ 2,020 { 845 1,140
630 | 530 6090|5300 |3, 2,600 | 1,840 | 845 | 1,
6! 616 | 5,300 | 8,060 | 8,080 | 1,560 | 808 | 1,940
624 | B530| 630|5,080 2,780 (2,880 | 1,480 | 845 | 1,940
620 | 530 644 | 5,880 | 2,680 | 2, 1,380 885 | 1,720
6186 | 5335 | 658)6,720 [ 2,500 | 2,210 | 1,210 | 885 1,830
610 672 [ 7,620 | 2,400 | 2,020 | 1,170 { 886 | 1,940

560 | 540 | 1,740 | 9,240 | 3,260 | 2,120 | 1,020 | 1,010 | 1,140
5451 530 [ 1,940 | 8,270 | 3,260 | 2, 1,320 | 1,010 | 1,140
530 | 518 | 2,210 | 7,100 | 2,880 | 2,500 | 1,320 | 890 | 1,140
540 | 530 | 2,500 | 6,360 | 2,680 | 3,560 | 1,230 | 810 | 1,140
550 |....... 2,880 | 6,360 { 2,500 | 7,490 | 1,100 | 730 | 1,230
I 3,660 [..-... 2,300 (-...... 899 [ 690 |.......

Nore.—Stage-discharge relation affected by ice Dec. 10 to Apr. 11.
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Monthly discharge of Chippewa River near Bruce, Wis., for the years ending Sept, 30,

1914-191 6
[Drainage area, 1,600 ¢ square miles.]
Discharge in second-feet.

Run-off

(depth in

Month. Per inches on

Maximum. | Minimum. | Mean. | square dram‘?ge

mile area,).
1914.
LD 4 10 21 I RPN IR 574 0.359 0.41
February._ ........ 397 . 248 .26
March.............. 574 .359 41
April.. 2,710 1.69 1.89
May......... ... 3,330 2.08 2.40
June... .. ... 2,900 1.81 2.02
July oo .. 2,210 1.38 1.59
August. .. ool R 3 1,300 .813 .94
Septomber. 2,360 1.48 1.65
October. e oo 1,240 0.775 0.89
November....... 769 .481 .54
December........ 750 . 469 54
January......... 585 .366 .42
Februa.ry .............. 609 .381

R 734 . 459 53
2,940 1.84 2.05
3,760 2.35 2.7
3,330 2.08 2.32
1,510 . 944 1.09
934 .584 67
853 .533 59
1,500 . 938 12.75
2,160 1.35 1.56
1,640 1.02 1.14
875 547 .63
594 .371 .43
571 .357 .38
1,120 .700 .81
8,010 5.01 5.59
3,570 2.23 2.57
2,590 1.62 1.81
1,770 111 1.28
855 .534 62
1 940 1,280 . 800 89
The year.......... et eave et 13,100 518 2,080 1.30 17.71

a Revised since published in previous report.
CHIPPEWA RIVER AT CEIPPEWA FALLS, WIS.

LocarioNn.—In the SE. 4 sec. 6, T. 28 N., R. 8 W., at highway bridge at Chippewa
Falls, Chippewa County, 2,500 feet below mouth of Duncan Creek, coming in
from the right.

DRAINAGE AREA.—5,600 square miles.

REcorps AvAILABLE.—June 22, 1888, to September 30, 1916. The gage was originally
established by the Chippewa Lumber & Boom Co., which has kept a continuous
record since 1889. Since 1904 the United States Weather Bureau has obtained
gage readings during the flood season of each year. On June 1, 1906, the United
States Geological Survey began making discharge measurements and maintaining
gage readings.

GAGE.—On July 27, 1916, a Gurley graph water-stage recorder replaced Friez water-
stage recorder which was installed January, 1914, on web between cushing piers
supporting first right-hand span and about 10 feet upstream from gage formerly
used by United States Weather Bureau; gage referred to original datum.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge.
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CHANNEL AND CONTROL.—Heavy gravel; fairly permanent; banks are high and are
rarely overflowed.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 13.45 feet at 7 a. m.,
April 23 (discharge 52,400 second-feet); estimated minimum daily discharge, 800
second-feet February 21 and March 6; absolute winter minimum probably some-
what lower, owing to regulation.

1888-1916: Maximum stage recorded, 26.03 feet December 6, 1896. September
10, 1884, a stage of 26.94 feet was reached; discharge not determined; minimum
stage recorded, —0.8 foot July 24, 1910 (discharge, about 460 second-feet).

Recurarion.—Little fluctuation is caused by the operation of power plant about
half a mile above gage. Considerable fluctuation is, however, caused by the
operation of larger plants above, notably the plant of the Brunet Falls Manu-
facturing Co., at Cornell, Wis. As a result of storage in the headwaters of
Chippewa and Flambeau rivers, the recorded monthly flow does not represent
natural flow.

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined between 2,030 and 56,200 second-feet; below 2,030 second-feet poorly -
defined. Operation of water-stage recorder satisfactory throughout year except
for short periods indicated by breaks in records, as shown in footnotes to daily-
discharge table. Except for periods when stage-discharge relation was affected
by ice, daily discharge ascertained by applying to the rating table the mean
daily gage heights as obtained by planimeter from gage-height graph, or for days
of considerable fluctuation by averaging the results obtained by applying gage
height for two-hour intervals to rating table. Daily discharge for periods when
stage-discharge relation was affected by ice ascertained by applying to rating
table mean daily gage heights corrected for ice effect by means of discharge
measurements, observer’s notes, and weather records. Records good for open-
water periods except extremely low water, for which they are fair; winter records
POOr.

Discharge measurements of Chippewa River at Chippewa Falls, Wis., during the year
ending Sept. 80, 1916.

s Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || Date- Made by— height. | charge.
Feet. | Sec.-ft. Sec.-ft.
Jan. 10a] E. L. Williams......... 1.08 | 2,000 || Apr. 23 52, 500
Feb. 23bl..... do....... ..l 209 2,270 || July 24 2,720
Mar. 17b|..... do..-.. o140 1,92 2% 2,450
Apr. 4 ..... L [ 10.37 | ¢34,100 || Sept. 23 3,750

a Made through complete ice cover 3,000 feet below gage; complete ice cover at control.

b Made through complete ice cover 1 mile below gage; incomplete ice cover at control.

¢ 66 per cent of discharcghe was determined by observing the velocity of floating ice; velocity used in deter-
mining remainder of discharge was measured by current meter.
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Daily discharge, in second-feet, of Chippewa River at Chippewa Falls, Wis., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

2,330 1,360 1,700| 20,000] 20,800] 9,140| 19,400 2,740 2, 320

3 19,700 9,140| 18,600, 2,680, 2,320
17,600| 11,200| 17,300, 2,560 2,370
16,000| 12,200| 14,000{ 2,760 2,300
15,000] 15,300| 12,200{ 2,880/ 1,410
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Nore.—No gage-height record available July 25, 26, Aug. 13, and Sept. 27; discharge interpolated. Dis
charge Apr. 2, June 4, 5, 11, and July 16 is the average obtained by applying gage height for two-hour
intervals to rating curve. Deterntination of discharge July 25, 26, Aug. 12 and 14 based on mean gage-
height for partial days. Stage-discharge relation affected by ice Dec. 1to Mar. 31.

Monthly discharge of Chippewa River at Chippewa Falls, Wis., for the year ending Sept.
30, 1916.

[Drainage area, 5,600 square miles.)

Discharge in second-fest.

g Run-off

(depth in

Month. Per 130 168 on

M . ean. s rainage

Maximum. | Minimum. | Mean, gltilla;e area).

L0770t T 12,200 3,980 7,910 141 1.63
November. .o e et i iaecaaaiaaan 18, 600 3,040 8,820 1.22 1.36
December. .o e 4,370 2,280 2,970 . 530 .61
3,550 1,360 2,150 .384 .44
3,780 8 2,150 .384 41
16,900 800 3,930 . 702 .81
52,100 18,000 | 28, 5.16 5.76
1690 | 13, 2.32 2.68
15,300 5,530 9,27 1.66 1.85
19, 400 2,030 6,120 1.09 1.26
3,800 1,620 2,840 507 .58
5, 580 « 1,410 3,770 673 75
52,100 800 7,470 1.33 18.14
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WEST FGRK OF CHIPPEWA RIVER AT LESSARDS, NEAR WINTER, WIS.

Locatron.—In sec. 34, T. 40 N., R. 6 W., at Lessards, about a mile above mouth of
East Fork of Chippewa River, coming in from the left, and 8 miles by road north-
west of the post office of Winter, Sawyer County.

DrAINAGE AREA.—485 square miles (measured on map issued by Wisconsin Geologi-
cal and Natural History Survey, edition of 1911; scale 1 inch = 6 miles).

RECORDS AvarLABLE.—December 22, 1911, to September 30, 1916.

GacE.—Sloping gage on right bank installed July 18, 1915, about 100 feet below old
vertical staff and metal gage fastened to log booms on right side of river; vertical
staff gage used December 22, 1911, to July 17, 1915. Both gages read the same
at medium stage of water. Gage read by Miss Ulda Lessard.

DiscaarGE MEASUREMENTS.—Made from a boat at a section 200 feet below sloping
gage.

CHANNEL AND CONTROL.—Bed composed of heavy gravel; channel fairly permanent.
Banks medinm high; seldom overflowed. Control, head of rapids a short distance
below gage; during certain periods logs lodge and grass grows on this control,
causing backwater.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 7.7 feet at 1.30
p. m., April 22 (discharge, 2,360 second-feet); minimum discharge estimated
150 second-feet, January 13 to 17.

1911-1915: Maximum stage recorded, 7.7 feet at 1.30 p. m., April 22, 1916
(discharge 2,360 second-feet); minimum discharge, 127 second-feet, recorded by
current-meter meagurement February 23, 1912.

REecuraTION.—A dam at the outlet of Moose Lake, T. 41 N., R. 6 W., has a capacity
of 550,000,000 cubic feet. This reservoir is operated to increase the low-water
flow in the lower Chippewa River.

Accuracy.—Stage-discharge relation not permanent; affected by ice during winter,
grags during July and September, and a change apparently took place in the
control during or before the high water of April. Rating curve used October 1
to November 30 fairly well defined between 170 and 1,690 second-feet; April
12 to September 30 fairly well defined between 460 and 2,360 second-feet. Gage
read twice daily to quarter-tenths; gage readings unreliable during winter period.
Discharge determined as follows: October 1 to November 30 and April 12 to July
9 by applying mean daily gage heights to rating table; December 1 to April 11,
when stage-discharge relation was affected by ice, from discharge measurements,
observer’s notes, weather records, and a comparison with records of flow at
Bishop’s bridge; July 12 to September 30, when stage-discharge relation was
affected by grass, by indirect method. Open-water records fair; winter records
poor.

Discharge measurements of West Fork of Chippewa River at Lessards, near Winter, Wis.,
during the year ending Sept. 30, 1916.

[Made by E. L. Williams.]

Gage Dis- Gage Dis- Gage Dis-
Date. height.| charge. Date. height. | charge. Date. heﬁt. charge.
Feet. | Sec.ft. Feet. | Sec.-ft. Feet. | Sec.-ft.
Dec. 29e....... b5.65 227 || Mar. 3e....... c6.03 206 {| May 29........ c5.81 686
Jan 26a....... b 6.05 208 || Apr. 22........ c7.69 2,350 || Aug. 22d......| ¢5.31 279

a Ice at control

b Staff %age readings.

¢ Gage height refers to slope gage.

4 Stage-discharge relation affected by growth of aquatic plants at control.
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Daily discharge, in second-feet, of West Fork of Chippewa River at Lessords, near Winter,
Wis., for the year ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept.
220 | 300| 230 ,600]1580 | 7I5(1,220 | 242 260
210 280| 220 640 (1,580 | 715| 715 242 260
200 260| 210 680 | 1,580 | 715 648 242 322
190 | 20| 210) 720|1,310| 785| 615| 242 345
180 | 240| 210] 780 |1,310| 750 | 585| 242 368
180 | 240| 210| 8201, 750 | 525 | 260 415
170 | 250| 200 | 880|1,400| 715 525| 260 440
170 260 200| 950 | 1,400 750 | 525| 280 525
160 270 | 200{1,030 1,310 | 715| 468| 280 648
160 | 280 | 210 | 1,120 (1,310 | 715| 415]| 280 648
160 | 280 | 210|1,200|1,220| 680 | 369 224 680
160 270 220]1,310 | 1,140 | 680 | 368 224 615
150 | 260 | 220 | 1,400 | 1,060 | 715 | 368 | 224 615
150 | 250 | 230 | 1,490 | '980 | 750 | 322| 224 585
150 | 240 | 240 1,580 | 1,060 | 750 | 322 | 224 585

280 | 350] 250 | 250 | 1,760 | 1,140 85| 322 | 22| 585
150 | 270 | 260 |1,860 | 1,140 | 85| 322 | 224 555
160 | 200 | 270 | 1,860 [ 1,180 | 785 | 280 | 224 525
160 | 310 | 280 ]1,860 | 1,180 | 785 | 280 | 224 495
160 | 320| 300 (1,960 | 1,220 820 300 242 495
160 | 320 ( 310 |2,060 | 1,220 | 820| 260| 242 468
1701 310] 3302160 1,220! 820 260! 280 415
180 | 300 | 340}2,060 {1,060 | 820 260| 280 415
180 | 290 | 3601|2060 '980 | 820| 300| 280 415
190 | 280 | 380|1,960! 900 | 820 300| 300 415
210 270 400 |1,860| 860 | 860 | 260 280 390
220 | 260| 440 | 1,760 | 785 | 900 | 280 | 280 390
230 | 250 | 470 | 1,670 | 750 | 900 | 300 | 280 368
240 | 240 | 500[1,670| 75| 900 | 260| 260 345
270 |....... 540 | 1,670 | 715[1,180 | 260 | 242 345
300 |.......| 580 |...... 750 |....... 280 | 242 [.......

Nore.—Stage-discharge relation affected by ice Dec. 1 to Apr. 11 and by grass July 10 to Sept. 30.

Monthly discharge of West Fork of Chippewa River at Lessards, near Winter, Wis., for

the year ending Sept. 30, 1916.
[Drainage area, 485 square miles.]
Discharge in second-feet. Run-off

(depth in

Month. Per igch.es on

. . rainage

Maximum. | Minimum. | Mean. sgl%aée area).

669 | 1.38 1.59
351 .724 .81
280 577 .67
185 .381 44
272 . 561 .61
298 .614 .71
1,450 2.99 3.34
1,140 2.35 2.71
790 1.63 1.82
404 .833 .96
251 .518 .60
464 .957 1.07
545 1.12 15.33
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FLAMBEAU RIVER NEAR BUTTERNUT, WIS.

Location.—In the NW. 1 SE. £ sec. 33, T. 41 N., R. 1 E., about 6 miles southeast of -
Butternut, Ashland County, and 7 miles upstream from Park Falls.

DRAINAGE AREA.—660 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch = 6 miles).

REecoOrDs aAvAatLABLE.—July 30, 1914, to September 30, 1916.

GAGe.—Chain gage supported by built-up cantilever, attached to posts set in right
bank of river installed May 26, 1916; read by Miss Mathilda Schulz. Vertical
staff gage at same site and datum was used from July 30, 1914 until taken out by
ice in spring of 1916.

DiscHARGE MEASUREMENTS.—Made from a cable about 1,550 feet downstream from
gage.

CHANNEL AND CONTROL.—Bed at gage composed of mud and rock. Left bank low
and subject to overflow; right bank slopes back gradually to high-water mark.
At the cable site, 1,500 feet below gage, channel is rocky and banks high. The
control section for gage is head of Schultz Rapids about 200 feet below cable and
1,700 feet below gage.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 9.0 feet April 22
and 23 (discharge, 5,430 second-feet); minimum discharge estimated 449 second-
feet February 2.

1914-1016: Maximum stage recorded, 9. 0 feet April 22 and 23, 1916 (discharge,
5,430 second-feet); minimum discharge, 355 second-feet, recorded by current-
meter measurement made November 19, 1914.

RecuLaTioN.—Storage reservoirs are maintained by the Chippewa & Flambeau
Improvement Co. on the headwaters of the Flambeau River. Of these reser-
voirs, Rest Lake, in sec. 9, T. 42 N., R. 5 E., with an allowable capacity of
approximately 1,500,000 cubic feet, is the largest.

Accuracy.—Stage-discharge relation permanent except as affected by ice during
winter. Rating curve well defined between 350 and 3,480 second-feet. Gage
read twice daily to quarter tenths. Discharge ascertained by applying mean
daily gage heights to rating table except for periods in which stage-discharge
relation was affected by ice for which it was ascertained by applying to rating
table mean daily gage heights corrected for ice effect by means of discharge
measurements, observer’s notes, and weather records. During brief periods in
April and May gage was not in position; discharge for these periods estimated.
Records good for open-water periods; for winter, fair.

Discharge measurements of Flambeaw River near Butternut, Wis., during the year ending
Sept. 80, 1916.

Gage Dis- Gage | Dis-

Date. Made by— height. | charge. | D2te- Made by— height. | charge.
Feet. | Sec.-ft. Feet. | Sec.-ft.
Nov. 2 | H. C. Beckman........ 2.57 708 || Mar. 8o E. L. Wﬂhams ......... 3.20 474
Jan. 6¢| E, L. Williams......... 2.68 618 || May 26 | .....do............... 3.88 1,400
28a| ..., A0neaenanmniinnl 2.69 486 || Aug. 24 | -._. dol 2.50 630

a Made through complete ice cover.
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Daily discharge, in second-feet, of Flambeaw River near Butternut,
ending Sept. 30, 1916.

Wis., fo;* the year

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
57 673 449 536 | 1,080 [ 3,000 | 1,120 | 1,680 729 500
673 652 460 518 | 1,170 | 2,700 | 1,120 | 1,740 725 483
673 632 470 483 | 1,220 | 2,420 | 1,120 | 1,740 725 466
673 632 480 483 | 1,330 | 2,280 | 1,100 | 1,680 725 486
739 632 500 483 | 1,440 | 2,140 | 1,080 | 1,620 712 584
805 620 536 483 | 1,500 | 2,090 | 1,080 | 1,500 703 694
760 620 530 474 | 1,590 | 2,040 | 1,080 | 1,380 694 962
716 632 520 474 | 1,620 | 1,980 | 1,100 | 1,300 636 | 1,030
738 632 510 483 | 1,740 | 1,920 | 1,080 | 1,200 712 | 1,1
760 652 500 483 | 1,780 | 1,870 | 1,080 | 1,120 712 | 1,120
760 652 490 518 | 1,800 | 1,800 | 1,080 | 1,030 712 | 1,120
760 652 490 554 | 1,940 | 1,740 | 1,080 985 725 | 1,100
760 673 480 554 | 2,070 | 1,620 | 1,050 895 720 | 1,050
760 673 483 592 | 2,280 | 1,560 | 1,080 868 703 | 1,010
805 632 490 592 | 2,560 | 1,620 | 1,080 832 720 9
850 612 | 2,700 | 1,620 | 1,050 23 720 962
850 612 | 2,840 | 1,560 | 1,140 800 729 940
850 632 | 3, 1,560 | 1,140 778 832 895
794 632 | 3,160 | 1,560 | 1,200 760 846 854
738 632 | 3,320 | 1,560 | 1,300 760 792 800
b2 D, 859 850 805 632 | 4,130 | 1,500 | 1,380 734 725 778
22 ...l 814 781 872 673 | 5,430 1 1,560 | 1,360 725 729 800
P 782 712 816 716 | 5,430 | 1,500 | 1,300 751 703 805
24 .l 716 204 760 738 | 4,230 | 1,380 | 1,220 760 636 800
25 i 677 895 760 738 | 3,930 | 1,330 | 1,140 716 640 782
56 985 760 738 | 4,030 | 1,330 | 1,200 810 592 769
562 | 1,030 738 760 | 4,030 | 1,280 | 1,220 828 573 769
690 918 738 805 | 3,660 | 1,220 | 1,2 300 536 769
716 890 716 850 | 3,400 | 1,200 | 1,280 796 511 778
716 841 716 895 | 3,160 | 1,170 | 1,380 769 500 782
716 |....... 673 985 |....n.n 1,140 |....... 747 497 |.......

NotE.—Stage-discharge relation affected by ice Dec. 25 to Apr.
determined by leveling from high-water marks.

every other day Dec. 1-23; discharge interpolated.

No gage-height

15; gage heights for Apr. 22 and 23
records Nov. 22, 24,

ay 6-9, and

Monihly discharge of Flambeaw River near Butternut, Wis., for the year ending Sept.

30, 1916.
[ Drainage area, 660 square miles.]
isch: i -fect.
Discharge in second-fect Run-off

(depth in

Month. Per inches on

Maximum. | Minimum. | Mean. | square d{:;lex;z;ge

mile. :

October.... 1,300 562 923 1.40 1.61
November 1,250 677 883 1.34 1.50
December 872 673 760 1.15 1.33
January 673 483 582 .882 1.02
February 1,000 449 559 . 847 .91
March . 985 474 625 . 947 1.09
April . 5,430 1,080 2,720 4.12 4.60
May . 3,000 1,140 1,720 2.61 3.01
June. . 1,380 1,050 1,160 1.76 1.96
July.. 1,740 716 1,030 1.56 1.80
August. .. 846 497 688 1.04 1.20
Septembe: 1,120 466 832 1.26 L41
The Fear..eu . ooeanaaeeaaeeeanannn. .. 5,430 449 1,040 1.58 21.44
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FLAMBEAU RIVER NEAR LADYSMITH, WIS.

Location.—In the SE. % sec. 20, T. 35 N., R. 5 W., at H. J. Cornelissen’s farm,
about 6 miles by road northeast of Ladysmith, Rusk County, 21 miles below mouth
of South Fork of Flambeau River,! coming in from the left, and 284 miles above
mouth of river.

DRrRAINAGE AREA.—1,940 square miles (measured on map issued by Wisconsin Geol
and Nat. Hist. Survey, edition of 1911; scale 1 inch==6 miles).

RECORDS AVAILABLE.—January 2, 1914, to September 30, 1916. From February 15,
1903, to December 2, 1906, records were collected at a station in the city of Lady-
smith, three-fourths of a mile south of the Minneapolis, St. Paul & Sault Ste.
Marie Railway station, half a mile below dam of the Menasha Pulp Co., and
about 6 miles below present station.

GagE.—Chain, fastened to a cantilever arm, supported by two trees on the left bank
of river, on the farm of H. J. Cornelissen; read by II. J. Cornelissen.

DiscHARGE MEASUREMENTS.—Made from cable across river about 200 feet below
gage.

CHANNEL AND cONTROL.—Bed composed of gravel and sand; free from vegetation
and fairly permanent. At the gage section, channel is divided by a small sandy
island in the center; at the cable section the river flows in one channel; banks
medium high, wooded, and not subject to overflow. Control not well defined,
formed by the channel below gage.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year when channel was
clear of ice and logs, 9.6 feet at 7 a. m. April 23 (discharge, 17,400 second-feet);
minimum stage recorded, 2.12 feet at 7 a. m. September 5 (discharge, 763 second-
feet).

1903-1906 and 1914-1916: Maximum discharge recorded, 17,400 second-feet
April 23, 1916; minimum discharge, 390 second-feet December 4, 1904.

Ice.—Large quantities of frazil ice form on the falls and rapids above station and fill
channel for a distance of several miles from gage to pond of Paper Co. dam at
Ladysmith, seriously affecting the stage-discharge relation, and making dis-
charge measurements almost impossible.

REecuratioN.—The Chippewa & Flambeau Improvement Co. operates storage reser-
voirs on Rest Lake and smaller reservoirs on Manitowish and Turtle rivers and
Beau Creek. Weekly fluctuations at the gage are caused by operation of power
plants at Park Falls and storage reservoirs; no daily fluctuation has been observed.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 1,000 and 17,000 second-feet; extended above and
below these limits. Gage read once daily to quarter tenths. Daily discharge
ascertained by applying daily gage heights to rating curve except for periods in
which stage-discharge relation was affected by ice, for which discharge was
determined from records of flow of Flambeau River ndar Butternut and weather
records. Records good for open-water periods except at extremely low stages;
winter records poor.

Discharge measurements of Flambeau River near Ladysmith, Wis., during the year ending
Sept. 80, 1916.

[Made by E. L. Williams.]

Gage Dis-
Date. height. | charge.

Feet. Sec.-ft.
A DT 24 Lo 9.04 15,400
7 200 2.50 1,160

1 Called Dore Flambeau in Water-Supply Paper 385, p. 136,
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Daily discharge, in second-feet, of Flambeau River near Ladysmith, Wis., for the year
ending Sept. 30, 1916.

Day. Oct. | Nov. | Dec. | Jan. | Feb. \ Mar. | Apr. |May. [June. |[July. |[Aug. | Sept.
7,620 | 2,670 | 4,480 | 1,320 972
7,140 | 2,840 | 5,020 | 1,230 907
6,440 | 3,040 | 5,210 | 1,340 835
5,€00 | 3,110 | 5,600 | 1,000 925
5, 3,110 | 5,400 | 1,180 763
2,000 | 1,480 | 1,080 | 1,230 ||9, 560
5,020 | 3,260 | 4,480 | 1,180 | 1,100
4,480 | 2,580 | 3,560 | 1,340 | 1,
4,140 | 2,740 | 3,330 | 1,770 | 3,040
4,060 | 2,810 | 3,330 | 1,850 | 3,180
3,880 | 2,610 | 2,410 | 1,730 | 3,260
J 3,640 | 2,510 | 2,030 | 1,690 | 3,330
9,800 | 3,480 | 2,410 | 2,010 | 1,680 | 2,640
9,520 | 3,330 | 2,410 | 1,790 | 1,670 | 2,640
10,100 | 3,200 | 2,050 | 1,620 | 1,650 | 2,700
10,100 | 3,480 | 2,130 | 1,560 | 1,230 | 2,640
1,750 | 1,270 | 1,000 | 1,220
11,000 | 4,060 | 2,390 | 1,560 | 1,430 | 2,900
12,500 | 4,310 | 2,640 | 1,470 | 1,340 | 2,540
11,300 | 3,970 | 2,770 | 1,360 [ 1,280 | 2,330
11,000 | 3,720 | 2,640 | 1,400 | 2,030 | 2,330
11,300 | 3,720 | 2,700 | 1,140 | 2,090 | 1,910 _
12,500-{ 3,400 | 2,540 | 1,210 | 2,210 | 1,910
17,000 | 3,560 | 2,510 | 1,280 | 2,090 | 2,580
17,400 | 3,970 | 2,510 | 1,180 | 1,670 [ 1,790
15,900 | 3,800 | 2,610 | 1,120 | 1,620 | 1,770
14,200 | 3,800 | 2,640 | 1,000 | 1,500 | 1,770
1,550 | 1,200 | 1,350 | 1,91Q {15 500 [ 3,260 | 2,490 | 1,250 | 1,280 { 1,770
11,300 | 3,480 | 2,610 | 1,620 | 1,230 | 1,620
9,520 | 3,480 | 2,490 {2,010 | 1,280 | 1,620
8,680 | 3,110 | 3,110 | 1,790 | '880 | 1,620
8,140 | 3,040 | 3,180 | 1,5¢0 | 835 | 1,620
....... 2,870 |.......{ 1,250 | 1,020 [.......

NoTE.—Stage-discharge relation affected by ice, Nov. 22-25, and Nov. 30 to Apr. 11. Braced figures

show mean discharge for periods included.

Monthly discharge of Flambeau River near Ladysmith, Wis., for the year ending Sept.

80, 1916.
[Drainage area, 1,940 square miles.]
Discha.rge‘in second-feet. Run-off
v (depth in
Month. Per inches on
Maximum. | Minimum. | Mean. | square drailénage
mile, a).

October. ... oo 1.43 1.65
Novembe: 1.13 1.26
December .907 1.04
January......... ... L.l 675 .78
February. ... ... . 598 .64
March. ..o .758 .87
ﬁpril .......................... 5.67 6.33
A e e e e e e e e e 2.14 2.47
June. ... .. 1.38 1.54
JUly e 1.23 1.42
AUguSt. oo oo .758 .87
September.......ooiii e 1.04 1.16
The Fear. - eecaeeanin e aaeeaeaanannns 1.47 20.03
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JUMP RIVER AT SHELDON, WIS.

Location.—In sec. 26, T. 33 N., R. 5 W., at highway bridge in the village of Sheldon,
Rusk County, about 11 miles above confluence of Jump and Chippewa rivers.
DRAINAGE AREA.—B10 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1inch= 6 miles).

REecorps avarLaBre.—July 22, 1915, to September 30, 1916.

Gace.—Chain gage bolted to downstream handrail of bridge; read by Miss Elsa Dietz-

DiscHARGE MEASUREMETS.—Made from downstream side of bridge.

CHANNEL AND coNTROL.—Heavy gravel; clean and free from vegetation. Right
bank high and not subject to overflow; left bank may be overflowed occasionally. *

ExXTREMES OF DISCHARGE.—Maximum stage recorded July 22, 1915, to September
30, 1916, 9.4 feet at 5 p. m. April 22 (discharge, 8,600 second-feet); minimum dis-
charge, about 18 second-feet January 20.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 45 and 6,000 second-feet. Gage read to quarter
tenths twice daily. Discharge ascertained by applying mean daily gage heights
to rating table except for period in which stage-discharge relation was affected by
ice, for which it was obtained by applying to rating table mean daily gage heights
corrected for ice effect by means of discharge measurements, observer’s notes,
and weather records. Records good for open-water periods except for extreme
flood stages, for which they are fair; winter records fair.

Discharge measurements of Jump River at Sheldon, Wis., during the year ending Sept. 30,
1916.

[Made by E. L. Williams.}

Gage Dis- Gage Dis- Gage | Dis-
Date. height. | charge. | Date. height. | charge. Date. height. | charge.
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